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INTRODUCTION 


Geology 1s 4 science which treats of the Earth But this 
definition has to be specified because the Earth 1s studied by 
many sciences that have their own specific tasks and methods 
of investigation 

Modern geology studies the history of the Earth and its 
life In eonformty with this task, 1t 1s diyided into twa 
clo.cly related sections which are sometimes regarded as sep 
arate disciplines a} dynamic (physical) geology which deals 
with the cauwes and processes of geological change and 
b} historical geology which studies crustal changesin time and 
space and the relation between the development of the or 
ganic world and the Earth 5 crust 

This book describes the geological processes on the sur- 
face of the Larth and init outlines the history of the Earth s 
crust and gives a geological chronology 

To enable readers to understand geological processes 
morefully the authorstouch upon problems of astronomy and 
physical geography amd discuss the Earth s position in 
space and also the various hypotheses on the Earth s origin 
The purpose of this book is to teach people to recognise ore- 
forming and ather widespread minerals as Well as rocks use 
a geological compass read geological maps and construct 
geological sections 

Ferrous and non ferrous metallurgy tho fuel and chem 
ital industries agriculture and other branches of the nation- 
al economy owe their existence and development to miner 
als and geology provides the knowledge nceded to look for 
and exploit these minerals By studying the structure, com- 
position and histor, of the Earth s crust reologists uncover 
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the wealth Indden in the bosom of the Farth and develop 
efficient methods of tapping this wealth Morovcr the an 
formation yielded hy geology 15 of the utmost ympoartance to 
building Tho bunlders of big factories and cist) buildings 
railways oil and gas pipelines tunnels bridges dams and 
reservoirs require preliminary geological information on tho 
bedding of rochs in and around building sites the compos: 
tion of theso rochs and the conditions under which they 
formed tho processes changing theso rocks and the future 
direction of these changes 

Man has always evinced an interest in geology Ths 13 
borne out by the fact that he learned to produce metals long 
before the dawn of our era But at was only in the first half 
of the nineteenth century that tho first chronology of the 
Earth s history was compiled and theories were adyanced 
on the fermation of mauntains 

The extensive factual material yielded by investigations 
In ¥ast areas in Europe Asia and America provided the foun 
dation for screntific generalisations 

Many, Russian West European and American scientists 
havo helped to formulate the fundamentals of geology Of 
the Russian geologists special mention must be made of 
Mikhail Lomonosov (41711 1765) who came forward with 
important ideas about the Earths ortgin and geological 
structure and did much to further mining Outstanding 
work was done at the close of the eighteenth and beginning of 
the nineteenth century by Vastly Severgin (mincralogy) 
Nikola: Koksharoy (crystallography) and Dmitry Sokolov 
{reology) The Russian scientists who mido important con 
tributions to geology in the second half of the mncteenth 
and early twenticth century include Gennady Romanovshy 
Alexander Karprnshy Viadimir Obruchey [yan Gubhin 
Andros Arkhangelsky (ecology) Vladimir Kovalovshy N1 
holar Yahovley Alexei Borisyah Alexei Pavlov M V Pay 
lov (paleontology) Yevgraf Fsyodorov (crystallography) 
Viidimir Vernadshy Alexander Fersman and Frants Lo 
vinson Lessing (petrography and geochemistry) 

Abroad the outstanding investigators in the ninetecnth 
and twenticth centuries include William Smith (Great Brit 
ain) and Georges Cuvier (France) who proved that fossil 
organisms play an tmportant role in the consecutive strat 
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graphy of sediments, Charles Lycti (Great Britain) who in 
troduced the actualistic method {whereby the past 1s studied 
through the present) inte geology, Cduard Suess (Austria) 
who studted the structure of the arth s crust, E Haug 
(France) who developed the geosynclinal theory Atbert 
Heim (Switzerland) Leopold Kober (Austria) and James 
Dwight Dana (USA) who studied tectonics and Alfred 
Lothar Wegener (Germany) who developed the theory that 
continents float on a bed of molten magma 

Soviet scientists have done much to develop the theory 
of geology and to enlarge the raw material resources of the 
Soviet mining wndustry This work 1s being facilitated by 
the Soviet Umon s far reaching plans of cconomic develop 
ment The Soviet Umon s enormous territory and the great 
diversity of her geological structure lukewiso provide con 
siderable opportumiLy for geological study and generalisa 
Lions 

In the past few decades Soviet geologists have discovered 
now reserves ol ferrous non ferrous and rare metals, o:) and 
other mincrals Soviet industry now has all the mineral raw 
materials i& requires 

Huge aluminium deposits have been discovered on tho 
eastern slopes of the Ural Mountains so the Tikhyin arca 
inthe Ukraine and other regions of the USS R Many years 
ago Academitian Andre: Arkhangelsky had insisted there 
were aluminium ores (bauxites) in these regions 

The discovery of huge iron ore deposits became possible 
thanks to our greater hnowledge of the genesis of iron ores 
which as we now know, form not only where sedimentary 
and magmatic rochs come into contact but also far from these 
paints of cantact, in coastal regions, as well as in the weath- 
ering crust of rocks 

Academician Ivan Gubhin whose forecasts helped to 
discover oil and natural gas deposits played an important 
role an developing the theory of the formation of these de 
POSLILS 

Theoretical premises have in a large measure been respon- 
sible for the discovery of diamond fields in Yahutia 

Geological investigations have strengthened and enriched 
hydrogeology, engineering geology geotectonics, geocryolo 
Ey, volcanology, paleontology and ether disciplines, and 
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have also givcn rise to many new geological disciplines Geo 
chemnnstry and geophysics emerged during the prescnt een 
tury and are devcloping rapidly Geochemistry which owes 
ifs rise Maioly to the investigations of the Sovict scientists 
Viadimir Vernadsky and Alexander Fersman studies the 
history of the chemical clements in the Earth s crust the 
laws governing their distribution and also their behaviour 
under various physical and chemical conditions Geophysics 
studies the physical properties of the Earth as a whole and 
its s@parate regions through yartous instrumental observa 
tions Geophysical methods are vcry important in the search 
for mineral deposits 

In studyingthe Earth scrust itsformation and its changes 
In time geology draws upon the basic thoories of physics 
chemistry and biology, Hut the methods of investigation 
used in geology differ greatly fram chemical and biological 
methods In physics chemistry and biology various laws aro 
established through experimentation but it 1s extremely 
difficult to conduct experiments in geology It 1s hard for 
example to ercate the necessary conditrons for orogenic 
processes Which gayo msc to mountain ranges over a perrod 
of many mullions of years But experiments modelling 
various geolagical pracesses are being conductcd in many 
countrics including the Sovict Union 

Geology s principal method of investigation 13 to con 
duct closo ficld observations of tha consecutive stratifica 
tion of rocks (strigraphy) ther structural features (tecton 
Ics) composition (petrography) and relative age on the 
basis of the foss:l fauna and flora preserved in them (paleon 
tology} 

Sovict scicntists ar. penetrating ever deepcr into the essence 
of the processes they are studying generalising data by meth 
ods of dialectical materialism and formulating ly potlh 
eses on the geological processes yn remote periods of tho 
Earth s histor; 

Tho structure of abyssal layers whieh cannot be reachcul 
for direct observation 1s tudied by the products of volcan 
Ic eruptions Investigations of earthquakes and of the pa 4 
avo of seismic wases through the Parth give some ulea of 
the tate of matter un the Earth Important conclu ron 
have been aerived at through a tudy of geothermal phenom 
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ena Observations in this field have shown that the great 
reserves of heat in the Earth play a very important role in 
the processes forming the Larth s crust the secular varia- 
tions of the boundaries of continents and seas the presence 
of hot springs and other phenomena 

Instrumental geophysical methods of investigation (seis 
mometr, magnitometry gravimetry and so on) which 
allow studying the passage of seismic waves through various 
mantles of the Earth magnetic phenomena the distribution 
of the forces of gravity and other phenomena, have enabled 


screntists to unfathom many secrets of the structure of the 
Barth s crust 


ORIGIN OF TIE EARTH, ITS PHXSICAL 
AND CHEMICAL PROPFRTIES 


THE CARTIL IN COSMIC SPACE 


Tho Earth 1s one of the planets of the solar system and re 
volves round the Sun like all the other planets of this system 
The plancts revolving round the Sun are situated in a single 
plane, namely, in the plane of the celiptic which forms an 
angle of about 7° with the solar equator 

The problem of the orgin of the solar system and of the 
entire umverse is of great theoretical and practical impor 
tance 

All scientists agree that celestial bodies were formed of 
identical matter Various hypotheses were cnunciated to 
explain the origin of the solar system One of the first was 
the hypothesis advanced by Immanuel Kant (1724 1804) 
in 1750 

He said the universe was formed of the primary matter 
filling cosmic space The particles of this apparenth, solid 
matter were in a state of rest but differed from each other in 
density and mass Attracted by mutual gravitation they 
began to move and form separate condcnsations These con 
densations continued to interact the bigger condensations 
attracting the smaller ones 1n the sphere of their action Thus 
were formed large knots of matter But besides gravitation 
al forces there are forees of mutual repulsion, under the 
action of which colliding particles bounce away from each 
other im different directions The direction that the moving 
particles were given most frequently became predominant 
and a mass of knots of matter began to revolve in one direc 
tion round a bigger hnot, round a central body—the Sun 
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The particles reselying round the Sun represented rings 
ofa metcor shower which had its own centres of attraction— 
the nucle: of future planets Gradually umting under the 
force of eravitation all meteors are thus transformed into a 
system of planets circling round the Sun (Fig 1) 

{In 1796 Pierre Laplace (1748 1827) advanced a similar 
hy pothesis of the origin of the solar system and other worlds 
His hypothe is was that the matter of which the Sun tho 
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olancts and therr satellites consi L was at one time a rarefied 
erscous cloud (nebula) which was ina state of rotation (the 
eause of which is unknown) On account of the attraction 
between the prrticies this nebula began to conden o tn ils 
centre and this fed to the formation of the primeval Sun 
In the beginning it was enveloped im a nebula revolsing 
evenly round it The particles nearest to the Sun thus de- 
erthcd orbits of les er rachus while tho e more di tant de- 
erited orbits of Liggerradius inthe amespinoftime There- 
fore the farther away from the centre ani the wether the 
gravitation the greater the centrifugal force became At a 
certain d: tance from the centre the ec forces truck a bal 
ance Tho bounlary eyparating the given sy tem fromthe 
others pa ~ed through this point 
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Caving away its heat into space, the revolving nebula 
gradually cooled down and consequently, contracted That 
led to an increase of the velocity of rotation which at length 
attained a value at which the centrifugal force exceeded the 
inward pull of gravity On account of this, the nebula began 
to lose its spherical form and to change into a more and more 
pronounced spheroid Round its equator the nebula began 
to disintegrate into several narrow and thin rings Under 
the influence of unevencooling the mngs broke offand owing 
to the attraction between the particles the planets re- 
volving round the Sun were formed (Fig 1) 

In contrast to hant s hypothesis which drew no atten 
lion Laplace s propositions became very popular as soon as 
they were published and they influenced the development 
of astronomy in the nineteenth century Laplace s hy pothe- 
sis explained why the planets revolved round the Sun in the 
same direction as the Sun was rotating round its own axis 
why their orbits were arranged nearly 1n the same plane 
why they were rotating round their axes 1n the same direc- 
tion as the Sun and so on 

At present the hypotheses of Kant and Laplace whose 
content 1s very nearly the same are known as the Kant 
Laplace hypothesis 

Further study of the untverse and the solar system revealed 
numerous facts that contradicted the Kant Laplace pro 
positions It became known for example that tho satel 
lites of some plancts do not rotate in the same direction as 
the planets themselves (this concerns some of the satellites 
of Uranus and Jupiter) 

Other cosmogonical hy potheses (the hypotheses of Moul 
ton Chamberlin, Jeans and others) developed out of the 
Kant Laplace hypothesis in the twenticth century 

In the past few decades the Soviet scientists who have 
been developing cosmogonical hypotheses have introduced 
essential corrections into the scientific rdeas advanced in 
the nineteenth and carly twentieth centunes One of them 
Otto Schmidt believed the early hypotheses were untenable 
because they were only qualitative Modern cosmogony he 
said should also engage im quantitative study based on 
mathematical and statistical methods 


In 1944 Schmidt put forward a new hypothests im which 
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it was assumed that the plancts of the solar system origi 
nated from on gas dust ncbula altracted by the Sun as tt 
moved in interstellir space 

The solid meteonte particles revolving round the Sun unit 
ed under the influence of gravitation and gayo mc to the 
planets This process of unification of the planets procecdedd 
rather intensively so long as the metcor shower was dense 
but in the Jast 2 000 million ycars the addition of meteorites 
to the Larth has been very inconsiderable The redistribu 
tion of the metcorite mass within the Earth proceeded only 
In aA viscous plastic state without transition through a flurd 
stage The larth according to Schmidt was never hot sts 
average tcmperilurc never exceeding 4° The subsequent 
heating of the Larth 1s associated wath the decay of radioac 
tive ecloments 

ochmidt s hy pothesis plausibly explains all the structural 
features of the solar system the circular orbits the revolu 
tion of the planets the laws governing the spacing of the 
planets the division of the plancts inte two groups (large 
planets and plancts of the terrestrial type) moreover on 
the assumption that plancts received thar quantity of mo 
tion from without during the capture of a gis dust cloud 
aL the expense of the cnormous momentum of rotation of 
the Galaxy it solves the major problem of the distribution 
of mass and momentum in the solar system 

The weak point in Schmidt s hypothesis was however 
the problem of the ongin of the metcorite gas dust cloud 
round the Sun which was the inttial material for the forma 
tion of the planets The possibility of the Sun capturing such 
a cloud from the Galaxy has been mathematically proved 
for tho case of interaction of three bodies yet this possibilt 
ty 1s so rare that it makes the process of the formation of 
planets a unique phenomenon in the universe This compels 
scientists to sceh other explanations of the org:n of the gas 
dust cloud round the Sun 

The investigations of the Sovict astrophysicist V A Am 
bartsumyan are of particular importance in this comnec 
tion He proved that stars are forming continuously through 
the condensation of matter in rarefied gas dust nebulae 

On the basis of this fact the Soviet astronomer V G Fe 
senkov developed the hy pothesis that the Sun and the plan 
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ets revolving round jt originated from a common gas dust 
medium According to his hypothesis at the time the Sun 
was formed as an ordinary star its huge mass and fast ro 
tation caused matter to separate from its equatorial plane 
This matter formed a gas dust cloud of unequally dustribut 
ed density The subsequent evolution of this cloud proceed- 
ed under the influence of gravity, and led to the creation of 
the planets The formation of the planets 1s thus a part of 
the general process of the formation of stars and appears to 
be a widespread phenomenon in tho universe According to 
Fesenkov the Earth as all the other plancts took shape 
immediately throughout its mass and not as a result of 1 
long process involving the concentration of scparate part 
cles of dust 

It is now generally accepted that the Sun and the mine 
hnown planets revolving round it represent a planetary sys 
tem which travels in space at a very high speed The solar 
sy.tem moves at a velocaty of 233 kilometres per second 

Vhe group of the mer plancts of the terrestrial tvpe 1s 
neirest to the Sun These plancts are relatively small and 
their density 1s very high If we take the mean distance from 
the Earth to the Sun (149 500 000 hilometres) ag our umt of 
distance We shall ijind this group of planets in the following 
order in relation to the Sun Mercury 0 39 umt, Venus 0 72 
unit, the Barth 10 unit and Mars 052 unit 

They are separated from the outer group of major plan 
ets by a belt of asteroids (or planetoids), which consist 
of accumulations of small planet like bodies revolving about 
the Sun in elliptical orbits, and oriented in different. direc- 
tions Fesenkov estimates the total mass of asteroids as 
0 0003 of the Earth 5 mass 

The major planets whose mass comprises 99 5 per cent of 
ill planetary matter are arranged in relation to the Sun in 
the following order Jupiter 5 20 umts Saturn 955 umts 
Means 1949 units, Neptune 3007 wnits and Pluto 39 65 
units 

If wo adopt the diameter of the Darth as one unit of meas 
urement, the diameter of Mercury will only be 0 38 unit, 
of Venus 097 umt and of Mars 05 umt Tie diameters of 
tie major planets will then be Jupiter 14 umts, Saturn 95 
units Uranus 4 units and Neptune 3 89 umts (Fig 2) as re 
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girds Pluto's diameter itis believed to be anything from half 
to about the same as the I arth + 

A tronomers hase established that the density of the ter 
restrial plancts 1s greater than that of the major planets 
Che denmaty of the Larth in G/em? as equal tow 52 the den 
sity of Jupiter £3 whilo the density of Saturnis only 07 
te less than the densty of water 

SX planets have satellites Most of the sitcilites revolve 
round the planets inthe same direction as their parent bo 
ies revolye round the Sun Jupiter has the largest number 
Of sitellites—12 Light of them rvolxc round Jupiter in 
the simo direction as the planct atcelf while the remaining 
four revolye in the opposite direction 

Mars has two sitellites Saturn nine and also a ring Ura 
nus five and Neptune two The Moon 1s tho Larth ¢ satel 
fite Mercury Venus and Pluto hase no satellites 

There are thus nine planets and forty satellites (not count 
ing Saturn s ring) in the solar system On January 2 1909 
lhe USS KR launched a space rocket which broko Joose from 
the Earth s erivitation and went into orbit round the Sun 
thereby becoming the first man made sitellite of the solar 
system 

Comets arc also a part of the solar system Observed from 
tho Larth they appear as luminous nebular spots (head 
of the comet) from which a luminous tail streams out 
Comets consist of extremely rarefied gases {chiefly carbon 
monoxide and cyanogen) and of tiny particles of cosmic dust 
which reflect the sunlight A certain consolidation 1s observed 
only at tho lead or nucleus of a comet This nucleus 
evidently consists of an accumulation of stones and boulders 
spaced at small intervals Tho mass of a comet 1s infinttesi- 
mal and does not exceed the mass of smail asteroids (calcu 
lated in million millionth parts of the Larth s mass} 

Lihe the plancts comets revolve round the Sun 1n cllipti 
cal orbits Only some of them move along shghtly clongated 
ellipses and can therefore be periodically observed from 
the Earth The orbits of the majority aro so strongly clon 
cated that 1t takes them hundreds and sometimes thousands 
of years to complete one revolution round the Sun 

Plancts with a high density as well as asteroids have the 
same mincral composition as the Earth This ts proved by the 
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meteorites that have 
fallen on the Earth 
These meteorites are 
frarments of disinte- 
grated cosmic bodies 
whose composition 
was simular to that of 


terrestrial type plan ©@ meray @. : Hoon 
ets The mineral com 

position of the meteo bors ¥ 
rites has been studied ° ovens 


quite comprehensive 
1, None of the miner 
als in them are un 
known to us Some af 
the meteorntes have a 
high specific weight Fig 2 Relative size of the Sun the 
and consist of iron and planets and the Moon 


nickel, others consist of lighter mincrals and are known as 
stony meteorites 

Many of the smaller fragments of cosmic bodies that 
get into the Earth s atmosphere burn up completely before 
they reach the Earth’s surface and a part of them sweep 
past the Earth 

Being one of the planets of the solar system the Earth 
is influenced by the Sun and the other planets of this system 
But the greatest unfluence on the life of the Larth is exerted 
by the Sun and the Moon The Moon 1s 384 395 kilometres 
or 60 terrestrial radul away from the Earth 

A number of geodynamic processes, called exogenous 
(external) processes, are determined first by the revolution 
ofthe Earth round the Sun and second by the fact that the 
Earth receives heat from the Sun The latter factor strongly 
influences the conditions and mobility of the Earth s at 
mosphere The phenomenon of ocean tides is produced by 
the combined gravitational attraction of the Sun and Moon 


upon the Earth The age of the Earth as a planet 1s enormous 
—about 4000 million years 4 
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THE PARTI S SIEAPE PITVSIC At puOrd WTIESs 
VND COMPOSITIONS 


Shape of the Earth Until the seventeenth century it 
Was bcllesed that the Darth wasa ngularephon However 
hy the close of that century many facts had boon accumulate | 
Wheeh indicatcd Chat the Earth was not asphen The os 
CHlations of the *« cond pentulum wen ob crvcd in Pranec 
and inthe equitomal part of America and these studies 
Showed that the osallations win slower in the south than an 
tho north Hence at wasankend that tho Farth bulgudl more 
In Che equatorial ngion than en the polar n gion 

Independently of these obs rvations some scicatists camo 
to the conclusion that the farth was a spheroid with the 
Polar axis somewhat shore than the cquatoral avis 

This comluvon aro c from the theoretical reioning that 
at one time the Darth wasinn fluid or plastic state Owing 
to its rotation about its own axis through the action of centr 
fora) forces tho Parth unasowlably became flatter at the 
pelos and etpanded at the equator 

fn the seventeenth nincteenth ecnturies to solve the prob 
lem of the Larth sshape tho length of the meridian are waa 
moosurcl af diffinnt latitudes by tho triangulation method 
These measurements showed that the length of the meridian 
arc cormsponding to one degre of latitude tncrensed from 
the equator towards the pole In particular Russtan scien 
tists took a number of latitudinal messurcments which to 
this day constitute the greater port of tho geodetic work 
that has been done to measure the o2nd paralle) The linc 
of measurement begins in Logland passes through Belgium 
Germany and Poland and stretches in Russia up to tho town 
of Orskh in the Trans Ural region Thus nearly two thirds 
of this line 18 in Russta 

Different lengths of the equatorial and polar scm: ates 
or the Earth s radi have been established as a result of nu 
merous jongitudinal and latitudinal measurements of the 
Earth s surface According to these measurements the equa 
torial radius 1s 24 kilometres longer than the polar radius 
It is noW acecpted that the radius of the Earth averages 6 375 
hilometres the Earth s contraction 1s 1 298 and its surface 
has an area of 540400924 square kilometses 
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The exact determination of the shapo of the Earth 1s of 
ymportance to theory and practice The reason far this 15 
that it affects the accuracy of geodetic surveying and cartogr 
raphy The radi given above show that the globe is flat- 
toned at the poles and that its shape 1s close to that of anablate 
spheraid Detailed geadetic and geophysical investigations 
have also established that the equatorial radu are not equal 
in length either On the equator there 1s a difference of 213 
metres in the length of the radu. The Earth 1s thus consid- 
ercd to be atriaxialellipsoid which has been named the Kra- 
sovshy ellipsoid this shape 1s also hnown as a geotd,1e, 
a shape that 1s distinctive of the Earth only and cannot be 
reflected by any proper geometric form The Darth's surface 
has an amplitude of unevenness of 20 kilometres 

Force of Gravity The unique shape and structure of 
the Earth cause changes 1n the pull of gravity onitssurface Re 
cent accurate measurements of the force of gravity give an 
idea of the laws governing its distribution on the Earth s 
surface There 1s greater gravity in the polar than in the 
equatorial region and gravitational acceleration changes 
smoothly from the pole towards the equator by half a per 
cent However a deviation from this rule 1s observed at a 
number of points wsome places the force of gravity is above 
normal (positive gravity anomaly) and in others it 15 
below normal {negative gravity anomaly} Anomalies are 
brought about by rare changesin the composition of rochs 
Gravity decreases in places consisting of helt rocks and in- 
creases where the rocks are heavy 

Gravity 1s measured with special instruments called gravity 
meters and the study of the changes in the force of gravi 
ty} 1s the subject of the science of gravimetry In recent 
years this science has begun to play an important role in help- 
ing to solve major problems of geology Gravimetric maps 
that reveal a rather close relationship between the force of 
gravity aud geological structure are comprled on the basis 
of measurements of the force of gravity 

Density of the Earth It has been established that despite 
the great difference 1n the density of individual component 
rocks the density of the Earth's crust. varies from 1 5 to 3 4 
averaging 27 ‘This 1s the density of the most widespread 
rocks such as sandstone clay chalk limestone, granite, 
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basalt, and soon The density of tho Earth as a whole, deter 
mined by dividing its volume by its weight 15 5 52 

The geophystecist Philipp von Jolly was first to establish 
the density of the Earth He obtained the value of 5 692 
with a posstble error of = 0068 The Earth’s density has 
subsequontly been determined at different points (in moun 
tains mines and valleys) by many investigators with ord!- 
nary and torsion balances pendulums, plumbs and other 
instruments only slight deviations from tho above average 
density have been recorded 

since the density of the Earth averages 5 52 and the dens! 
ty of the Earth s crust varies from 1 5 to 33 itis supposed 
that in the centre of the Earth there are very heavy masses 
With a density of not less than 12 which 1s roughly equal 
to the density of lead 

The approximate density of matter in the interior of the 
Harth at different depths has been established through a study 
of the diffusion velocity of seismic oscillations At the 
same time it has also been ascertained that the diffusion ve- 
locity of seismic oscillations which as a rule increases 
smoothly with depth undergoes sharp changes at certain 
depths 

The direction of seismic rays also changes sharply at these 
depths where the rays refract and are even partially reflect 
ed These sharp changes are observed at depths of from 5 
to 70 kilometres Oncontinentsthey are observed at a great 
erdepth and in oceans—nearcrto the Earth » surface These 
are known as surfaces of the first order The first has been 
named after Mohorovic the Czech scientist who discovered 
it At 2900 metres Jongitudinal waves refract with partic 
ular sharpness while transverse waves fade Thisis an indi- 
cation that the physical properties of roch haye undergone 
sharp changes at 2900 metrvs 

The rate of diffusion of longitudinal waves in the first depth 
division 13 5565 hm/sec then it increases abruptly to 
S km/sec and further at 2900 metres 2t reaches ils maXl 
mum of 136 km/sec after which 2t drops to 8 1 km/sec and 
then gradually riscs to 12.3 km/sec 

On the basis of a study of earthquakes and a determina 
tion of the mass and average density of tho Earth it ts as 
eumed that the Earth consists of the following inner shells 
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(geospheres) which differ from cach other in composition 
and condition of matter 

4 The upper shell—known as the Earth s crust (itho 
sphere) Its thickness on continents 18 from 320 to 40 kilom 
etres under mountain ranges up to 70 kilometres under 
the Atlantic and Indian oceans from 10 to 15 kilometres, and 
in the central part of the Pacific Ocean up to five kilometres 
The composition of the upper parts of the lithosphere differs 
from that of the lower deeper zones Jn the upper part of 
the lithosphere there is a predominance of oxygen (QO), stlic- 
tum (51) and alumimium (Al) In the lower levels magne- 
suum (Mz} supplants alumimum The Earth’s crust 1s 
composed of rocks which are common on the surface The 
density of these rochs does not exceed 3 4 

2 ‘The intermediate shell (mantle) 1s believed to spread 
to a depth of 2 850 2,900 Lilometres In the composition 
of the upper part of the mantle Fe, S: and Mg play an impor- 
tant role while Cris of lesser importance In +v1ew of this 
the upper layer 1s called the crofesuma The density of the 
matter in it ranges from 4 to 5 Its depth varies from 1 200 
to 1 200 kilometres Downwards in the composition of the 
mantle an essential role is played by Ni and the lower layer 
of the mantle 15 therefore called the nifesema The density 
of the matter in this layer .ames from 5 to 6 

3 The Earth s core within which an inner core 1s distin- 
guished The upper boundary of the inner core hes pre- 
sumably at a depth of 5000 kilometres It was previously 
supposed that the core was composed of iron nickel and other 
heayy metals, and was called nife At present it 1s 
believed that the core differs from the overlying shells by 
the state of the matter rather than by 1ts composition Un- 
der the high pressure prevailing in the core, the matter, 
which 18 of a silicate content, 15 in a metallised state This 
means that under the influence of pressure the atoms were 
partially destroyed and lost a certain quantity of their elec- 
rons 

There 1s another change in the physical properties of 
matter at the border of the immer core, it 15 not unlikely 
that this change 1s linked with the detachment of a stall 
greater number of electrons from the atomic systems 
The density of matter composing the core varies from 6 to 
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{2 This geosphere is also called the barysphere or heavy 
sphere 

Pressure Braws ACK, rantdl]y With depth Ata depth of one 
kilometre the pressure is 27> atm at 70 hilometns 18 900 
atm at if 200 Ailometns 403 100 atm ond at 2900 Aulome- 
trs 1213 100atm in the centre of the I arth the pressure 33 
approximately 4 163 450 atm 

Magnetic Properties of the Carth The Tarth possesses 
mognttic propertics a fact that has been hnown to ancient 
peoples who learned to use a compass A magnetic needle 
was uscd for prictical purposes forthe first time by the Chi 
nese three thousind ycars ago In Iurope the compass has 
been in use since only tho twelfth century and the study 
of the Carth s magnetic propcrties began in fact at the end of 
the eighteenth century 

tho Earth s magnetism is characterised by two values 
magnetic declination and magnetic inclination 

Magnetic declination 18 tho angle between tho direction of 
the magnetic necdle and the geographic meridian and can bo 
eastern or western It differs at various points A line on a 
map joining pornts with the sime magnetic declination 15 
called anisogon (ur inisogonie line} A zero isogon of declina 
tion 18 called a magnetic mermdian Like the geographic me 
ridians isogenic lines converge on one paint in tho north and 
south but these points do not coincide with the geographic 
Poles the coordinates of the North Magnetic Polt are 70 9 3 
N and 96 453 W and those of the South Magnetic Pole are 
756 Sand 1548 C Wo cannot say defintely why the mag 
netic Poles do not coincide with the geographic poles but it 
1s presumed that this 1s duo to the uneven distribution of 
Jand and water 

Magnetic inclination 15 the angle of rnclination of the mag 
netic necdle towards the horizon in the Northern Hem 
sphere the north end of the necdle inclines to the hortzon and 
inthe Southern Hemisphere the south end inclines tothe hori 
zon Theinclinationvaries at different points The lincs Join 
ing points of equal inclination are called 1so0clines (1socit 
nal lines) The magnitude of inclination :mereases from the 
equator towards the poles and reachesits maximum at the 
magnetic poles where the needle comes to rest ina vertical 
position IJsoclines pass at a mght angle to tho isogons “Ino 
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end of magnetic isoclines and 1sogons thus does not coin 
cide with the geographic grid. of latitudes and longitudes 

The magmitudes of ynchnation and declination vary in 
time This :ncludes diurnal annual periodical (at regular 
intervals Jasting for a number of years) and secular +aria- 
tions These variations are apparently associated with the 
Earth s position in relation to the Sun this position changes 
in the course of th envy four hours Years and centuries Same 
scientists believe that the variations in the Earth 5s marnetic 
properties are due to changes in the state of the Sun 

In some places of the Earth the direction of the isoclinic 
and isogome lines undergo definite yariations which are 
linked up with magnetic anomalies It has been ascertained 
that magnetic anomalies are caused by large masses of mag- 
netite {magnetic iron ore) or ferruginous rocks lying rela- 
tively close to the surface of the Earth They can also be 
caused by strong displacements—fractures 1n the Earth s 
crust—which throw rocks with different magnetic charac- 
teristics into contact with each other 

In addition to the magnetic declination and inclination, 1t 
1s also important to determine the intensity of the geomagnetic 
field which has different valuesin various places and changes 
depending on the Earth ¢ position in relation to the Sun 

Parallel with regular diurnal variations of magnetic ele- 
ments (inclination declination and intensity) sudden var 
lations of the magnetic needle, going far beyond the hmits 
of diurnal vanations are sometimes observed These vari- 
ations of the needle register disturbances in the geomagnet- 
1c field called magnetic storms Magnetic storms are, as 2 
rule short-lived but they sometimes last for several days 
A study of magnetic storms has shown that they either ac- 
company volcanic eruptions arise with thunderstorms or are 
linked up with earthquakes 

Knowledge of the Earth s magnetic properties 1s utilised 
in geophysical prospecting for mineral deposits (magneto- 
metry) simultaneously with gravimetric and other methods 

Thermal Properties of the Earth The Earth pos 
Sesses a definite amount of heat external heat from the 
Sun and internal heat from the Earth s interior 

The Earth receives an annual average of 10% large calo- 
ries of heat from the Sun No two points on the Earth re 
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celve the same amount of heat from tho Sun because this 
depends on the force of radiant energy (insolation), and, 
to a large extent on several other factors the uneven dis 
tribution of Jand and Water, which possess different heat 
absorption and radiation capacities (the differonce between 
a Mantime and continental climate) the crustal rehef (lor 
every 100 metres of elevation abovo sea level the tempera 
ture drops by 05°) the deyelopment of vegetation {an ab 
scnce of vegetation causcs steep fluctuations in the soul tem 
perature) and aur and otean currents 

It 1s nevertheless possible to establish points on the Earth s 
surface with identical mean annual or monthly tempera 
turcs This enables us to compile temperature charts consist 
ng of isotherms—irregular curses which diverge, some 
times sery greatly from latitudinal lines 

In the Northern Hemtsphero the mean annual tempera 
ture is 195°C andin the Southern Hemisphere 13.6 C The 
mean annual temperature of ind:vidual points in each hem 
sphere declines rn the dircetion from the equator towards 
the poles 

The polar regions have a very low mean anual tempera-~ 
ture from —10 to —15 C and sometimes Jower In these 
regions the rock series with negative temperatures (perma 
frost) are of considerable thicknoss A temperature of ~3 7° C 
was recorded at a depth of about 275 metres in the lower 
course of the Ob Riser In some places permafrost reaches 
down to a depth of more than 600 metres 

When we observe tho thermal properties of the upper levels 
of the Earth we find that these levels are heated in sum 
mer and cool in winter the temperature Tuctuations aro 
stronger near the Earth s surface where they sometimes are 
ashigh as 100 C Forexample 10 the deserts of Central Asta 
tho summer temperature of the heated soll is higher than 
70 CG «whilein winter it falls to —30 Cor lower However 
with depth the temperature fluctuations decrease and at & 
certain depth they disappearentirel, Thisisthe zone of con 
stant annual temperatuns In this zone the soil tempera 
ture is equal to the mean annual temperature ofthe air on the 
Farth ssurface Overlying this belt isthe helrothermal zone 
wtuch consi ts of strata of the Earth s crust that feel the in 
fluence of radiant cnergy 
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In various places the zone of constant temperatures 1s 
situated at different depths This depends on the extreme val- 
ves of the surface temperature and on the thermoconductiv- 
ity of the rocks The more the temperaturo fluctuates and 
the higher the thermoconductivity of the rochs the deeper 
is the zone of constant temperature situated In some places 
this zone lies at a level of one or two metres below the 
Earth s surface andin the others at depths of over 40 me- 
tres In Pans forexample it hes at a depth of 28 metres, and 
in Kurovograd at a depth of 192 metres 

Below the belt of constant temperatures 1s the geothermal 
zone, where the temperature regularly rises and depends 
not on radiant energy but on heat from the interior of the 
Earth 

It 1s now considered that this heat 1s chiefly of radioactive 
origin however from the standpoint of some cosmogoni- 
cal hypotheses (those of Laplace Fesenkoy and others) it 
may also be explained as relict (residual) heat from the 
astral stage of the Earth s development 

The mse of temperature with depth 1s not the same at 
different points of the Barth In the remons of attne or 
extinct volcanocs the temperature rises very rapidly 4C 
with about every 45 metres of depth In regions remote 
from volcanic manifestations the temperature rises much 
slower, averaging 1° C with every 33 metres of depth Tho 
average depth in metres within the Earth s crust correspond- 
lng to an increase of one degree in temperature 1s called the 
geothermic degree the increase 1n temperature in degrees per 
100 metres of depth 1s called the geothermal gradient 

Temperature readings have been taken 1m numerous dee 
boreholes Different temperatures have often been recorded 
at the same depth at various points As an example here 


are the temperature readings from a deep borchole in the 
North Caspian region 


at 500 metres—42 2° C 
1,000 metres—55 2° 
1500 metres—69 9° 
2000 metres—20 4° 
2500 metres—4 4° 

3000 metres—1083 C 
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A temperature of 41 C has been recorded in a deep bore 
hole in Moscow at 1630 metres while in the vicinity of 
Tashkent a temperature of 55 C has been recorded at 900 
metres In some borcholes reaching to a depth of three 
hilometres and over a temperature of more than 100 C has 
been recorded Tho geethermie degree in the upper strata 
of the Earth scrustinthe US A wires from 35 to 45 metres 
in Western Europo from 28 to 3G metres inthe USSR 
from a few metres (for example in the Mincralniye Vody 
arca} to a hundred metres Tho differences in the geothermic 
degree arc caused by tho following 

4} The different thermoconductivity of rocks the higher 
the thermoconductivity of the rocks composing the Earth s 
crust area the smaller is the peothermic degree and vice 
versa 

2) The hydrochemical processes in the rochs One of these 
processes 1s the interaction reaction between water and fer 
rous sulphides (for instance pyrite) which hberates large 
amounts of heat 

The interaction reaction between water and sulphides 
1s Widespread in regions of oil and coal fields because the 
clays and limestones in these regions very often contain 
large quantities of ferrous sulphides in these areas the 
geothermic degree as a rule decreases accordingly for 
cr1ample tm the Grozny oilficlds the geothermie degree 
is 20 25 metres and in the Baku oilfields it 1s 23 28 
metres 

3) The conditionsin which rocks occur In folded bedding 
where the beds dip steeply or are vertical the increase in 
temperature with depth 1s much faster than in horizontal 
beddings Thisis due to the nearness of the heat carrier beds 
to the surface 

4) The action of ground waters Streams of hot subterra 
nean water heat the rocks and thereby decrease the gco 
thermic degree cold streams reduce the temperature of rocks 
even at relatively great depths 

5) The action of surface waters Near an ocean or sea Lhe 
geothermic degree will be higher and on the continent far 
from bodres of water 1t will be lower because huge masses 
of water have a cooling effect on the gecthermal conditions 
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6) The concentration of radioactive elements 1n rocks 
In areas with a high concentration of radioactive clements 
the heat liberated by the decav of these elemcnts causes the 
ecothermic degree to drop 

Investigations of geothermal conditions of the Earth s 
intertor are of great practical importance The high tempera- 
tures must be taken into account when tunnels deep pit 
shafts and other underground projects are built In many 
cases in projects involving deep driving the temperature 
has to be Jowered artificially In other cases as in Italy 
the heat’ of the Earth s rnterlor (vapours thermal springs 
and so on) can be exploited commercially 

Investigations of the temperature conditions 1n the Larth s 
interior are of great theoretical interest as well 

Provided the gcothermie degree of 33 metres accepted 
for the upper parts of the crust 15 maintained we Can com 
pute the temperature in deeper zones at 33 kilometres the 
temperature must be 1000 ©, at 50 hilometres-~1 500 U 
and at 66 kilometres—2 000 C 

It is known that very many minerals and rocks melt at. 
suth temperatures For stance quartz melts at 1 700° C 
felspars at 1500 C olivine diabase at 1 150° C and flows 
frocly at 1 225° C basalt flows at 1170 C Conseguently 
at normal pressure all rocks should be in a molten state in 
the lower part of the Earth s crust But the high pressure 
(11 000 14 000 atm) at these depths Leeps the rochs 10 a solid 
plastic stale 

Below the crust the geothermic degree should increase 
sharply because otherwise the temperature in the centre of 
the Carth would be 193 060 C and the substance of the core 
and mantie would be in a liquid state Under these eondi~- 
tions the relatryely thin crust could not remain sohd and 
would melt as well Hence 1t may be inferred that the 
temperature in the bowels of the Earth is not higher than 
3 500°-4 000 C Taking into consideration that there is a 
prussure of 4 163 450 atm in the Earth s core 1t 1s assumed 
that the substance composing the core and that of the mantle 
18 in a solid plastic state This conforms with astronomi- 
cal and seismological data 

AC present if 1s considered that the heat warming the solid 
Crust comes irom the decay of radioactive elements The rca 
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logical processes in the sialic and partrally in the upper 
layers of this zono are to a large extent, associated with this 
heat The substance which melts under the actron of radioac 
tive elements thus increases in volume and this may result 
IN ap eruption of the I:quid mass 


OUTLTR GEOSPHERES OF THE EARTH 


Among the outer geospheres of the Earth there are three 
shells a) a water envelope (the hydrosphero) which 1s rep- 
resented by the oceans, seas rivers and ground waters 
b) a gascous or air envelope (the atmosphere) and c) a sphere 
of life (the biosphere) which 1s closely connected with the 
atmosphere the hydrosphere and the lithosphere All these 
spheres are of great geological significance because they 
are very mobile and play a big role in the transformations 
that take place in the Earth s crust 


THE ATMOSPHERE 


Composition and Thickness of the Atmosphere 
The atmosphcre 1s the outermost sphere of our planct Nit 
rogen (78 03 per cent) ovgen (20 99 per cent) argon (0 94 
per cent) and carbon dioxide (0 03 per cent) predominate 12 
the lower layers of the atmosphere the sharo of all the other 
gases comes to only O01 per cent 

The surface of the lithosphere and hydrosphere 1s the 
lower boundary of the atmosphere But for practical purposcs 
the atmosphere extends for a certain distance into the litho 
sphere filling allits hollows with the result that the compo 
sition of the subsurface air changes considerably For exam 
ple in the upper soil the amount of carbon dioxide rises to 
OG per cent With depth the amount of oxygen decreases 
sharply, and there 1s practically no oxygen in a free state at 
a depth of about half a kilometre 

It. is harder to define the upper boundary ofthe atmosphere 
Some scientists believe the atmosphere extends for 1 000 kil 
ometres In the upper layers it gradually rarefies and mer 
ges with interplanetary space—this is what makes it diff 
cult to define its upper boundary 


Certain natural phenomena enable us to make a fatr Judg- 
ment of the altitude of the atmosphere and of the properties 
of 1t8 upper layers Silvery clouds, which seem to consist 
of finc luminescent fibres attracted the attention of investi- 
gators long ago Theso clouds are So transparent that the 
stars are visible through them It has been established that 
they lie at an altitude of 70 90 kilometres and travel at a 
velocity of 40 80 metres per second 

White hot meteors indicate that the atmosphere reaches 
an altitude of 160180 kilometres Auroral displays are 
dispersed lights so faint as to be invisible by moonhght 

ey are generally scen at a height of 100 kilometres, and 
sometimes even aS high as 1 000 kilometres 

The atmosphere 18 divided into three concentric shells 
1} the troposphere which adjoinstho lithosphere 2) the strat 
osphere which follows the troposphere and 3) the 10n0- 
sphere the upper shell 

fhe Troposphkere About 70 75 per cent of the atmosphere 
falls to the share of the troposphere its averago altitude 
iS presumed to be ten kilometres But because of the 
Earth 3 rotation and centrifugal force it 18 16 kilometres 
nigh at the equator and up to 10 kilometres high over the 
poles 

The features of the troposphere are 1) changeable moisture 
Content <)extreme mobility of the air in borizontal and 
vertical directions sometimes accompanied by a vertical 
motion (cyclones and anticyclones), 3) a mean temperature 
drop of 06° G per 100 kilometres of altitude from the sur 
face of the hydrosphere or lithosphere In this connection at 
the outer limit of the troposphere the temperature over the 
equator falls to —80° C and the mean temperature in this 
part of the troposphere 13 —55 C 

Owing to its changeable content the moisture condenses 
to the state of clouds, rainorsnow or 18 present in the trop 
sphere in minute quantities The maximum amount of 
vaporous moisture 4 cubic metre of air can actually contain 
depends on its temperature For instance at 0° Ca cubic 
Metre of air can contain 45 grams of water vapour, and at 
20 C up to 23 grams 

Among the air gases oxygen 18 of special importance 
The oxygen nitrogen ratio in the troposphere is most fa- 
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vourable for organic processes Whon there 1s an increase 
ofoxjygenin the air the oxidation of organic matter inan 
organism proceeds with greater intensity when the 
oxy gen content decrcascs the process of oxidation slows 
own 

Changes of tho nitrogen content in the arr has no important 
bearing on organic processes In the upper layers of the at- 
mosphere the amount of nitrogen increases and that of oxy 
pon decreases 

The content of carbon dioxide in the air 1s more change 
able than that of oxygen and mitrogen Carbon dioxide accu 
mulates in the air as a result of the oxrdation processes 1n 
the outer spheres of the Earth and inthe soil and also through 
emission) from volcanocgs muneral springs and so on 
Among air gases carbon dioxide 1s the heaviest and thero 1s 
therefore more of 1t in the lower layers of the troposphere 
This gas is unevenly distributed in the horizontal direction 
as well For example there 1s almost twice as much of 1t 
over volcanic regions towns and industrial districts than 
over oceans and the polar regions Carbon dioxide 1s very 
important 1t 18 the basie material for the nutrition of plants 
Moreover it 1s 1 thermal insulator which tends to prevent 
the Earth s heat from being radiated into outer space It 1s 
believed that rf carbon dioxide were to disappear from the 
troposphere the mean annual temperature of the air over the 
Earth would drop by 21 C from the present 14 C and that 
if the amount of carbon dioxide were to double the mcan tem 
peraLure would rise by 4 

The troposphere contains a large amount of dust On 
the average there arc 200 000 of dust luke particles in a cu 
bic centimetre of air Dust mses when the wind blows dry 
particles of mineral matter and sea spray from the surface 
of the Earth it also forms in the process of the combus 
tion of wood coal and meteorites and durtng the cruption 
of valcanoes Spores bacterra and other minute organisms 
are often essential elements of atmospheric dust The amount 
of dust in the troposphere 1s naturally much greater over 
continents than over seas it is greater over anid regions 
than over the regions with abundant morsture and dense vege 
tation the amount of dust over arcas covered by snow 
drops toa minimum Dust dims the troposphere and slight 
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ly weakens the insolation of the Earth's surface Minute 
dust particles are possibly nuclei, or centres around which 
water vapour condenses to produce clouds fog, frost dew, 
rain snow and hail 

The Stratosphere The troposphere 18 enveloped by the 
stratosphere Between these two shells there is a one or two 
hilometra thick intermediate Jayer which is sometimes 
called the substratosphere The stratosphere dificrs from the 
troposphere in that in if we observe aif Masses moving ex 
clusiyvely im a horivontal direction Stratospheric air has 
zero humidity and consequently there are no clouds 
As far as the temperature conditions im the stratosphere are 
concerned, a constant temperature is observed up to an 
altitude of about 25 kilometres above this zone the tempera- 
ture continuously risus At 1025 kilometres it 1s approxi- 
mately —25° G, at 40 hilometres--0°, and at 70 hilometres— 
about 35° C 

It is believed that in the stratosphere, at an altitude 
of 15 to 35 kilometres there 1s a concentration of ozone 
a very small amount of which 1s found in the troposphere 
Ths major portion of ozone roughly 30 per cent 1s concen- 
trated in the stratosphere at an altitude of 25 to 30 hilo- 
Metres 

The Ionosphere The ionosphere begins at an altitude of 
7) 80 kilometres After studying the spectre of the Polar 
Lights the hght of meteorites passing through the 1ono 
Sphere and other phenomena, scientists have come to the 
Concluston that due to the action of ultra violet and cosmic 
rays thc air in these layers of the atmosphere 15 10nscd 
The more the air 1s 1onised the greater 15 its electrical con- 
ductivity The degree of ionisation 1s different in the various 
levels of the ionosphere Two lonisation Maxima are identi 
hed 4) the hennelly-Heavyside layer at an altitude of 100 
Kilometres and 2) the Appleton layer at an altitude of 250 
kilometres 

The processes in the stratosphere and ionosphere have 
been very inadequately studied, but there are grounds for 
believing that they strongly influence terrestrial magne- 
tism the Earths electme field and so on A sLudy of the 
fugh Iayers of the atmcsphere 1s therefore of particular in 
Lcrest from the geophysical point of view 
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In addition to oxygen and nitrogen, a considerable amount 
of helium appears in the composition of the atmosphere 
beginning at an altitude of 75 kilometres A great amount 
of hydrogen 1s found in the level beginning at an altitude of 
90 kilometres while in the level beginning at an altitude of 
about 140 kilometres the atmosphere conststs entirely of 
helrum and hydrogen The hydrogen content in the atmo- 
sphere increases to 90 92 per cent at an altitude of about 
900 kilometres 

Dynamics of the Troposphere Asa result of the con 
tinuous movement of air in the troposphere the relative com 
position of gasesinitis nearly constant Thiscontinvous move 
ment 1s due to the different temperature and atmospheric 
pressure at various points of the Earth s surface caused by 
solar radiation 

The transformation of radiant solar energy into thermal 
energy 1s a very complex process The most important fac- 
tor influencing thermal processes on the Earth 18s the angle 
of incidence of the solar rays in different parts of the Earth s 
surface This angle depends on the relief of the Larth s sur 
face and on the seasonal changes The distribution of solar 
energy 1s further complicated by the fact that it takes place 
not only on the Earth s surface but also within the tropo 
sphere whose thermal conductivity is as we now know 1n 
constant 

Air movement Jeads to a beat exchange between the 
high and Jow latitudes of the Earth and between the differ 
ent layers of the troposphere Generally air moves from 
high to low pressure regions Several factors are respon 
stble for atmospheric pressure variations on the Larth and 
for the direction rn which arr (Winds) moves 

The principal factor 1s the unequal heating of the Earth s 
surface and the transfer of this heat to the arr Heat 
causes airto expand makin, it lighter and thus giving 
it a tendency to msc over the heated surface of the 


Earth 
But having risen to a lngh altitude in one area it 7" | 


ly cools and grows heavier e result that it * 
move bach towards the s Earth This 
to circulation wa AIT g while c 


seconds to the f nmzontal m 


which we call a wind As we have already stated aur 
moves from regions of high pressure to regions of low pres 
sure and the greater the difference in pressure the faster 
this movement becomes At times the air moves horizontally 
over large territories 
There are winds of a planetary scale which mansfest. them- 
selves over vast areas of the Earth and are characterised e1- 
ther by a constancy of direction (trade winds) or by direc- 
tions that change with the season (monsoons) and locai winds 
blowing over limited areas-—-the Central Asian Afghan 
and the North Caucasian Bora” for example 
Moreover winds may 
originate in different 


Norn tertp areas as a result of a 

x <, temporary change im 

ve ; an, atmospheric conditions 
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(Fig 3) Anticyclones 

are masses of air circulating (in the Northern Hemisphere) 

in a clockwise direction with the highest air pressure 1n 

their centre In a mass of sir moving in a cyclonic pat 

tern the atmospheric pressure thusgradually mereases from 

the centre towards the periphery while in anticyclonic air 

masses the pressure gradually drops from the centre towards 
the periphery 

cyclone generally moves at a high progressive speed 

of several score of metres per second As a cyclone with a 

progressive speed of 70 metres per second (or 260 hilome 

tres per hour) passes over the ea it churns up the water and 
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tears spray from dt) with the result that a rotating piltar 
of watir forms inthe centn of the mosing cyclone Hecaure 
of their Ver high welocihy cyclones Cre rite to Watca 
and currents that at times cau proat destruction For exam 
ple asa nvnlt of the cyclonic activity of nic masaaina weet 
Crly dlimctton then diase fen dieatrous floods in the 
mouth of the river Nava which drains Inte the Gulf of Fin 
land Since 1707 the scar Leningrs) was founded the water 
inthe Nevo has reson above its normal level mon than 400 
times T specially big foods win neanted in 1777 (when the 
Water rasc by 3 So metresy on (624 (9 68 metn sd) and in $925 
(362 metris) At these lovels tho water fluaded up to 65 
squire Kilometres of the city 

Other littoral anas havo also been tho sceno of dosastat 
ing floods canada by cyclones In 1932 the tewn of Santa 
Cruz Cuba wasdestroyid by gale whipped wayes and near 
ly 2000 people penshed In 1737 an the Bay of Bengal 
a flood caused in the mouth of tho Hugh Riser liy 
pale wascs tack a toll of 3000 Lines) oser 50 thoweind 
lives were lost tn the Mood of 1864 in the same ana Floods 
of this nature an especially termfying when the water 
moving with the ¢cyclono gets into a bay a river mouth or 
some other narrow space 

Tropical cyclones Haye been known to transport rather 
licayy objcets over considerable iistances For example tn 
1831 a piece of lead weighing about Go kilograms was trans 
orted on Barbados over a distance of half a krlometre In 
780 on the samo island a stono fort was destroyed by & 
hurricane and htavy cinnons were carricd dozens of metres 
Casis have been recorded of loaded railway cars being de 
rauled by cyclones and ships torn from anchor and cast 
asliore 

In temperate latitudes cyclones movo at a lesser speed 
but in these areas as Well thetr force ts often considerable 
A umaquoe rain” of silver coins minted in the sixteenth 
seventeenth century fell from the sky during a violent thun 
der storm accompanied by hurricane winds and hail in the 
vicimty of Meshchera village Gorky Region the USSR 
The cyclone must hase rooted out a treasure trove and 
carried avay the ght silver corns (this case has been de 
scribed by > alesnikh) 
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Precipitation Before water .apours can condense in the 
atmosphere, they require the corresponding humidity (100 
per cent) and the presence of condensation nucle: These 
nucle: are particles of dust floating in the troposphere 
When moisture condenses clouds appear in the atmosphere, 
and any disturbance in the equilibrium of the moisture in 
the clouds leads to precipitation in various forms 

The amount of precipitation for any particular period 
of time 15 measured by the layer (in millimetres) of water, 
which would have formed on the Earth s surface 1f the wa 
ter had not seeped mto the soil, evaporated or flowed into 
a lowerlying area Moscow has a mean annual precipitation 
of 586 millimetres 

Precipitation is distributed very unevenly over the 
Earth as a whole In some regions it ts insignificant, in the 
deserts around the Aral Sea, for example, the annual precip- 
itatlon Sometimes approaches zero, and the total precrpi- 
tation overa period of many years does not exceed 150 200 
millimetres a year In other places precipitation 1s more 
abundant, in the Batumi area the Caucasus for instance 
the mean annual precipitation reaches 2,400 mm 

Observations show that precipitation depends first and 
foremost on the proximity of the area concerned to the sea 
Some maritime regions however have very httle precip. 
tation as for example the Thar Desert in India over 
which masses of alr sweep without rainfall, but on reaching 
the windward slopes of the Himalaya foothills the, cause 
enormous precipitation (12 500 millimetres a ycar) 

Weather and Climate In every area and at any partic 
ular moment the air temperature its pressure relative 
and absolute humidity*, cloudiness and so on change rath- 
er quickly This changeable state of the meteorological 
elements of the atmosphere 13 known as weather 

The weather 1s the state of climatic factors mm a given 
area and at a piven moment At one and the same moment 


* The absolute humidity is 


metre of amr It 1s measured 


the mass of water vapour in a cubic 
of water vapour 


In grams or according to the elasticity 
in & millimetre of Hg pressure 


Relative humidity is the ratio of the actual amount of water va 
pour in a given volume of air to the amount which would be present 1f 
the aur were to be saturated without any chatge in temperature 
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tho weather may be different tn various places In one and 
the samo areca the weather often changes mm the course of 
a few hours 

In contrast to this the change in the average state of 
the climatic factors over many ycars 18 called the climate 
The climate 1s more constant than the weather but over 
a long period of time 1t also undergoes variations 

Tho principal factors controlling the climate are the 
geographic latitude tho distribution of land and water 
the topography characteristics of the prevailing air mass 
the vegetative cover and lastly the actavity of man who 
remakes the vegetative cover and soils builds big cities 
water reservoirs and so on 

In the USSR the climate of the territomes in the 
temperate and polar latitudes may be grouped as follows 

1 Sea polar air whose features are a high humidity 
the whole year round relatively heavy precipitation and 
even distribution of this precipitation ihe mean annual 
tempcrature 1s approximately 7 10 C with an annual ampk 
tude of 6 14 C The winter 1s relatively warm and the sum 
mer iscool Thisclimatic zonecembraccs the north western end 
of the Seviet Union (Kola Peninsula and the Murmansk coast) 

2 Transforming seq polar air which 1s also character 
ised =by relatively heavy precipitation the wholo year 
round but witha notable increase inthe month of July The 
mean annual temperature is 9 C with an annual amplitude 
of about 20 C The entire western half of the European part 
of the USS R_ hes in this climatic zone 

3 Contmnental polar air The mein annual temperature 
8 about 1 Cwith an annual amplitude of 39° C The winter 
is Severe and the summer hot there 1s Ittle precipitation, 
the maximum being confined to the summer months This 
climate ts typical for the major part of the USSR 

4 Monsoon climate of the temperate latitudes This 
climate prevails in the Far East Its features are cold con 
tincntal polar air 1p winter and sea polar air in summer 
The summers are rainy and moderately warm Tho mean 
annual temperature is O02 C With an annual amplitude of 
20 34 G 

© Subpolar zone Here polar air prevails in summer 
and Arctic air 1n winter 
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G Polar zone Arctic air predominates all the year round 
Annual precipitation does not exceed 200 300 millimetres 

Tho chmate as all phenomena ™ nature, gradually 
changes It has soto say its own history, which 1s linked 
up with the history of our planet There are many facts to 
show that the climate changes sharply In the USSR 
such facts have been collected by M Bogolepov who showed 
the rhythmic character of the changes from damp to 
dry periods and vice versa here have been very sharp 
changes in the climate of the Arctic 1n the past 15 20 years 
The mean annual temperature during this period rose in 
Spitsbergen by 2 C, in Greenland by 2 0° C, in Franz Josef 
Land by 35 C while below the Arctic it rose in (Lenin 
erad for instance) by only1°C The weather grew warmer 
chiefly through a rive of winter and autumn temperatures 
the pPring and summer temperatures did not increase as 
muc 

Interesting temperature changes were recorded during 
the drifts of the Fram (1894 95) and the Sedov (1938 39) 
In the course of a period of 44 years the mean annual tem 
perature in the Barents Sea rose by 6°C This brought about 
essential changes in the outlimes of some islands lor exam- 
ple Vasihevsky Island in the Laptev Sea consisting of 
frozen sandy argillateous rocks and marked on the map 
of 1912 melted away and by 1936 only a sand bank remained 
in 18 place Some of the adjacent islands grew shorter 
semenovsky Island which was 15 kilometres long in 1823, 
shortened down to five kilometres by 1912 and to two hilo 
metres by 1936 The rise in temperature also affected ma 
rine fauna and flora For instance during this period cod 
appeared for the first time m commercial quantities off the 
coast of Spitsbergen and Norway 
Fossil soils rndicate that there have been climatic changes 

in the geological past The tropical lateritie sorls of the 
Amur region over which he podsolie and boggy soils that 
formed during the present cold climate are an example 
Climatic conditions leave their mark on the relief as well 
Por instance an indication of the former glaciation of an 
areca 1s the pattern of the valleys im it roches moutonnees 
sheep back rocks and other (small) farms af relief whase 
origin is due to the action of inland ice, also exemplify this 
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Animal aml plant: fosstld also tile trate the nature of 
the climate The nmains of popler nut tne hornbeam ant 
oak have Ieen identified in anctent deposits on the north 
shore of the Aral Sta ‘These plants whieh coul! not have 
cxisted ino de art) condstrans Pont oul tn the nature of 
the forests in this region in ancient timet The juntper 
isthe only conker prowtng in Crocolan today but mor 
than <8 species of Tertiary plants inclu Nag pine trees 
fypnset and decttuoue trea (bay teeee omagnolias oaks 
and other species of thermophilte plants) have been identi 
fied amon, fosal tumains ‘Ehermophilic plants (bay trees 
magnolias and oon) base aleo been foun! in the Tertiary 
ands and sand tones of the ana aroun! Votcon 

Tatl, the rock structure dilustrates the climatic con 
ditions of the rmmote geological past Wo know a whole 
senics of deposls that ar typical of the regiont embraced 
by continental glicintion for example boulder clay which 
repre cnts glacial muraine deposits vaeved clay¢ outwash 
Fands amd xo on* In de crt ngions we find rocks with a 
surface coating of “de crt warns” Coals are an indication 
of a warm and humid climate 

Gevlog: t4 thus have at their disposal facts that give 
them an tdea of the climates of the geological past 
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[and and seas aro distributed scry irregularly on the 
Carth s surface Tho surface of our planct has a total area 
of about vf@ G00 OGO square Artometres of whieh 361 000 000 
square kilometres (71 per cent) arc occupied by scas and 
149 000 000 square kilometres (29 por ecnt) by land Tho 
Water arca 15 thus about 25 times bigger than tho land 
area However it should be borne in mind that tho averago 
thickness of the hydrosphero in comparison with tho thick 
ness of the lithosphere and all the more its volume 1n 
comparison With tho volumo of the whole planct are cx 
tremely small The average depth of the occanisabout 3 7 hil 


* Moro detailed information on glacial deposits can bo found in 
tho chapter Snow and Ice as Geological Agents 
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ometres, which 15 equal to about 1 1,600 of the mean ter- 
restrial radius while the ratro of the volume of Water in 
the ocean to the volume of the planet asa whole 1s approx- 
umatel, 41 8 000 

Land 1s concentrated mainly im the Northern Hemisphere, 
where it occupies 39 per cent of the surface 1m the South- 
ern Hemisphere only 19 per cent of the surface 1s occupied 
by land This distribution of land and seas has brought a 
number of vitally important factors to the fore, one of 
them is the climatic characteristic of the continents 

The World Ocean and Its Divisions The water surface 
of our planet called the oceanic surface, is generally con- 
sidered aS a common surface YM Shohalskhy named it the 
World Ocean In the World Ocean we can identify separate 
parts each of which has, to some degree, its own water tem- 
perature salinity, sea currents and conditions of glacia- 
tion Taking these features into constderation we distin- 
guish in the World Ocean the Atlantic Ocean the Pacrfic 
(or Great) Ocean and the Indian Ocean 

The Atlantic Ocean with all its seas occupies an area of 
93,400 000 square kilometres It 1s bordered in the east by 
the coasts of Europe and Africa, inthe west by the coast of 
America and in the south by the coast of the Antarctic con- 
tinent Within the water surface, the boundanes of the At- 
lantic Qcean are defined by the meridian of Cape Horn in 
the west and by the meridian of Cape Agulhas in the east 

The Pacrfic Ocean has an area of 179 700000 square 
kilometres In the east it 1s bordered by the coast of Amer 
ica and by the merndian of Cape Horn in the south by 
the Antarctic continent and in the west by the coast of 
Asia Along the line formed by Sumatra and the tslands 
located farther south the boundaries of the Pacific and 
India oceans are contiguous 

The Indian Ocean occupies an area of 74,900 000 square 
kilometres It 1s bordered in the north by Asia, in the west 
by Afmea, by the meridian of Cape Agulhas in the east 
and by the west coast of Sumatra Java Australia and Tas 
mana and the meridianof South Cape inthe west Its south 
ern boundary 15 the coast of the Antarctic continent 

The Arctic Ocean 18 also included in the group of aceans 
Jt occupies a surface of 13,100 000 square kilometres Thus 
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small ocean is bordered hy the northern shores of f urope 
Asin and Amerien The Arctle Circle is generally accepted 
n9 its boundary with tho Atlantic Ocean 

Seas In stew of the fact that tho continents have o very 
complex outline and an extremely jagged chore line the 
otcan ocensionally cuts very deep infand This has led to 
the rise of outlying divisions of the ocean which are com 
monly called ons (the Black Seca the Sea of Marmora 
ny Arabian Sea the Sea of Japan the Bering Sev and «a 
on 

Of the seas linked up with the ocean there are inland 
and marginal seas The first cut decp inland are situated 
between the or several continents and occasionally have 
one or cevera) narrow branches many of these cas are char 
acteriscd by great depth The deepest among them 1s the 
Meduterrancan Sea whichis situated between Africa FE urope 
and Asta and has two branches—the Sea of Marmora and 
the Black Sea The Red Sen situated between Africa and 
Asia is of the inland ty pe 

Marginal «eas are sections of the submerged contincntal 
shelf Examples of such seas are the Sea of Ohhotskh, tho 
Bering Sea and the North Sea Some marginal seas also cut 
decp into the continents where they form mland basins 
the White and the Baltic seas for instance 

World Ocean /focr Tho occan does not hase an even 
floor 3n some cases tho irregulamtics are very consider- 
ablo and form a very complox relicf Tho best example of 
this 1s tho Atlantic Ocean A submarine ridge in the shape 
of the letter S 1s hnown to exist on tts floor This ridgo 
extends from north to south in a narrow strip in almost the 
middle of the ocean Tho shallowest arcas aro in tho north 
ern part of the Atlantic Ocean between Ircland and Lab 
rador thero the average depth 13 about 2 500-3 000 metres 
Numerous telegraph cables between North America and 
Europe lic on the floor precisely in this part of the occan, 
whence it received the Name telegraph plateau” 

The outline of tho submerged ridge repeats the contours 
af beth North and South Americas on the one hand and the 
contours of Africa and Lurope on the other In some places 
the ridge rixcs over to a considerable height the floor com 
ing close to the water surface in the central part Here the 
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rated from cach other by groups of islands Hore the broad 
est shallow embracing the Barents Kara Laptey East 
Siberian and Chukhotha seas stretches from the Eurasian 
coast to the central part of the ocean The depth of the 
shaliow docs not as arule exceed 25 50 metres 

Along the coast of America especially north of Alasha 
the shallow 1s narrower In this areca there 1s a large number 
of big and small islands separated by a labyrinth of narrow 
straits 

The central part of the Arctic Ocean 1s occupied by a 
decp trough (over 3 000 metres) near the North Pole 2t 1s 
4290 metres and farther south 4 000-5000 metres deep 
The deepest point in the Arctic Ocean measures 5 182 metres 
The Lomonosos Ridge is in the Arctic Ocean and its con 
figuration and position are being studied by Soviet Arctic 
stations 

Chemical Composition and Physical Properties of the Wa 
ters of the World Grean Practically everywhere the ocean 
ic waters have an identical chemical composition their 
salinity averages 30 per cent or 35%,, (per mile) 1¢ 
35 grams of different salts are dissolved im a litre of water 
The salt content 1s higher in inland seas where there 18 ne 
inflow of fresh watcr and evaporation is intense in the 
Red Sca for example the water has a salimty of 4 2 per 
cent Where sea water is diluted with fresh river water 
salimity appreciably drops in the Baltic Sea and in the 
Sea of Azoy for example the water has a salinity of only 
412 per cent Near the mouths of big mvers flowing to 
the sea the water is almost fresh as for instance in tke 
mouth of the Neva Riser in the eastern part of the Gulf 
of Finland On tho other hand in somo inland basins ha 
ra Bogaz Gol for example salimty reaches a concentra 
tron point at which salt begins to precipitate from the solu 
tron 
Sodium chlornde predominates (78 32 per cent) in the 
composition of sca water then follow magnesium chloride 
(944 per cent) magnes:um sulphate (64 per cent) calcium 
sulphate (3 91 percent) potassium sulphate (1 6 per cent) 
calerum carbonate (0 0.4 per cent) and silica (0 009 per 
cent) Bromine iodine manganese zinc lead copper and 
cold have been found :n minute amounts However some of 
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these elements are of great biological importance 1odino 
is assimilated by certain algac and copper by certain mol- 
lushs Yodine 1s produced from algac in Jarge quantities 
but its extraction directly from sea water would be a matter 
of considerable difficulty 

Sea water also contains frases chiefly oxy fen and carbon 
dioxide, ammonia occurs frequently In seas, where the 
yun off xnto the ocean 18 hindered, as in the Black Sea for 
example where the outflow 1s barred by the Bosporus sub- 
merged sill hydrogen sulphide accumulates on the bottom 
it is a product of the decomposition of organic remains and 
the transformation of sulphurous compounds In the Black 
Sea for example, at a depth of 183 metres the water 1s 
so saturated with hydrogen sulphide that no orgamic iife 1s 
possible Only ceitain species of bacteria can exist in these 
conditions 

The surface temperature of oceanic water depends on the 
geographic latitude and the season and varies from —3°C 
in winter at the pales to +32 C in summer at the equator 
The mean annualtemperature of the ocean surface 1s 17 4°C 
and in the lower layers of the atmosphere round the Earth 
the mean temperature 18 144°C The hydrosphere 1s, con- 
sequently a powerful source of thermal energy for the 
Earth s atmosphere The warm surface layer of water as 
temperature readings show 2s relatively thin 4100 150 met- 
res The temperature of water decreases with depth At 
a depth of 750-1 100 metres its temperature is 4 C while 
near the ocean floor the temperature varies from —2 C 
(in the polar regions) up to 2 C in land-locked seas the 
temperature of deep water 18s higher in the Mediterranean, 
for example it 1s 42 G at a depth of 2 500 metres 

The density of water in the ocean varies from 1 0275 
in the region of the trade winds where there 1s intensive 
evaporation to 1 255 1n the region of the doldrums and the 
belt of heavy rainfall (along the equator), as well as at 
the poles From the surface downwards to a depth of about 
200 metres the density of water increases and has a salini 
ty of 37 grams per litre farther down to a depth of 1,800 
metres salimty gradually decreases and near the bottom 


it slightly increases again A change in the density of water 
iS accompanied by a change of its salinity 
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Tho pressure of sea water mercases by one atmosphere 
per 10 metres of depth with the result that in the deep 
troughs it 1s more than 1 000 atmospheres Pressure plays 
an important role in the distribution of marine life 

Sunlight penetrates into water to a depth of about 200 
metres With photofilms, sensitive to chromatic rays 
of the spectrum, 1t has been established that ultra red rays 
do not penctrate decper than 400 metres and that ultra 
violet rays act upon photofilms even at a depth of 800 me 
tres Since plantsrequiresunhght their occurrence 1s main)y 
restricted to depths of up to 200 metres which are typical 
for the shallow seas around the continental shelves 

The waters of the World Ocean are in constant movement 
as n result of wind action and the attraction of the Moon 
and Sun Moreover im the hydrosphere there are what aro 
known as runoff and compensation currents which can 
scarcely be seen by the human eye The former are cau ed 
by the changes In atmospheric pressure 1n different parts 
of the ocean the latter are the result of ev aporation fluctua 
tions of the water temperature precipitation and the melt 
ing of polar ice 

Winds set waves in motron The height of wind waves 
depends on the strength of the wind the duration of its 
action and the depth of the sea Small waves are 10 10 
times longer than their own height and billows that reach 
a height of 15 metres in the open sea are 30 40 times as long 
as the, are high The gradient angle of waves is from 2 8 
to 57 Wave motion is oscillatory with cach particle of 
water rotating about its axis rising over the wave crest 
and then dropping This can be very clearly seen during a 
swell when the sea rs still heavy but the wind has fallen 
a boat rolls and pitches but moves only to the next wave 
crest 
A strong continued breeze brings wave crests together 
blows white caps off ther surface and throws floating ob 
jects from one wase to another The disturbance of the sur 
face water is tranwmitted downward but even billows die 
away at a depth of about 200 metres the height of waves 
decreases 1n geometrical progression with depth 

Complet transformations of sca waves caused by the 
Proxumaty af the ea better and by, coblisions betwoen at 
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coming and reflected waves (breakers) are observed m afl- 
shore <hallow waters Ag waves approach a hore they swash 
or break against it Tho shock stress of a swash pounding 
against. the beach 1s occasionally (in the Black Se.) as high 
as 60 tons per square metre ‘This accounts for the gradual 
wearing away of the seashore This phenomenon 1s of yast 
geological importance and 1s Known as marino crosion or 
wate abrasion 

Constantly blowing winds (trado Winds and monsoons) 
cause a movement of water known as sea currents Ono of 
the most powerful of the sea currents in the Altantic Ocean 1s 
called the Gulf Stream This current orginates in the equa 
lorial part of the Atlantic under the action of the north 
tradewinds Thiswind blowing from north to south a3 a result 
of tho Earth s rotatzon approaches the equator at an angle 
of 45° Gaspard Gustave do Coriolis established a Jaw un 
der which the action of the wind on an aqueous med:um 
(“ater masses) of the ocean starts an east west current along 
the equator Near the coast of South America the current 18 
deflected into a northern direction and farther as it 
emerges from the Gulf of Mevwico, it turns to the 
north-east 

The Gulf Stream is a cofossal river in water banks It has 
tS maximum width of 275 kilometres off Florida It 15 
more than 300 metres deep and lins a rate of flow of threo 
metres per second (for tho sake of comparison let us recall 
that in flood time the rate of flow in the Volga 13 Tess than 
three metres per second) 

The Gulf Stream 13 of enormous importanco as a distrib 
ulor of warm waters brought fromthe south, and as a means 
of making the climate of the northern coast of Lurope milder 

us, thanks to the Gulf Stream the port of Murmansk does 
Hot freeze in winter whereas the port of Leningrad which 
1§ about 1000 kilometres farther south, 13 1ce bound for 
tive months every year 

4 similarly warm current the Kuroshio passes in the 

acific Ocean south of the Aun Islands The north and 
North west winds blowing from the cast coast of the north 
na continents give rise to the cold Greenland and Lab 


Tador curreotsin the Atlantic and to the California current 
In the Pacific 
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There are rather strong sea currents between inland seas 
as well these currents owe their rise to a differenco in water 
levels Thus fresh water flows along the surface from the 
Black Sea through the shallow Bosporus into the Sea of Mar 
mora wWhilc salt water flows in the reverse dircction along 
the bottom from the Sca of Marmora into the Black Sea 
There are similar currents between the Mediterranean Sea 
and the ocean between the North and Baltic seas, and 80 on 

Due to the differential attraction of the Moon and the 
sun there are tides along the shore These phenomena are 
due chiefly to the attraction of the Moon which 1s the near 
est celestial body to the Earth the attraction of the Sun 
1s only an additional factor Tides change twice a lunar 
day 

The dynamics of tides are visualised as follows The 
Earth s hydrosphero 1s influenced by the action of two 
forces a centripetal force which binds the hydrospherc to 
our planct, and a centrifugal force which strivcs to tear 
it anay from the Earth s surface Under the attraction of 
the Moon the hydrosphere is drawn from the Larth s sur 
face in the direction of the Moon But the latter rotates 
about the Earth and consequently tries to carry away the 
drawn off surface of the bydrosphere 

Let us imagine a section of the globe across the equa 
tor and the Moon on a prolongation of its equatorial radius 
travelling in an anti clockwise direction Attracted by the 
Moon the hydrosphere 1s drawn towards the Moon (tide) 
The rise of the hydrosphere due to the action of the centr 
fugat force 18 observed at the same timo at the opposite 
side of the circle (also tide but fainter} 

bb tides are observed on the ends of a diameter which 
18 perpendicular to the Birst diamcter As the Moon rotates 
the e two tides and ebb tides also shift their position and 
because of this the tides and ebb tides alternate twice at 
each point of the circle in the course of twenty four hours 
Tides coincide with the passage of the Moon through the 
meridian of a given point while ebb tides coincide with 
the Moon s rise and «sctting 

A solar tile 1s 25 times lower than a lunar tide When 
the Sun and Moon are aligned on one side of the Larth 
therr tida} forces combine and unusually lngh tides result 
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Similarly, when the tidal forces of the Moon and Sun are at 
aright angle to each other and hence opposed the tides are 
reduced to their lowest level 

Tides reach their matimum height in equatonal regions— 
in the tropics and subtropics, northward and southward 
from the equator their height decrea.cs On mid ocean 18 
lands a tidal waye 18 never Wigher than 25 metres but 
along continents it may reach a considerable height espe 
Cialiy when ib crowds into a narrow bay or strut Thus 
in the Straits of Mageilan tides reach a herzht of 18 metres 
and in the Bay of Fundy Canada they rise as high as 
215 metres Tides rise higher than normal during a favour- 
able wind In the USSR tho lnghest tides occur in the 
neck of the White Sea and in the Penzhina Bay im the Sea 
of Okhotsh, whero they reach the ten metre mark 

Lafes On the continents the hydrosphere 15 represented 
by lakes, rivers and ground waters In the Soviet Union 
the largest lakes are 











Absolute 

(O00 square| Depth | helene of 

Ine tres) Wometres} 
Caspian Sta 424 3 OT » —28 
Aral Sea 63 8 it. + 66 
fake Barkal 3i 6 1 741 +454 
Lake Ladoga 18 4 act) +4 
Lake Balkhash 17 « 265 | +354 
Lake Onega 96 120 +33 


Lakes are natural water filled inland depressions or res 
ervolrs of various origin which have arisen a) as a result 
af the action of the Earth s internal forces—subsidences 
(Lake Baikal Issyk hul and others) explosions during 
volcanic eruptions (crater lakes—Lahke kronotshoye in ham 
chatha for cxample), b) as a result of the action of external 
forces—glacial scouring (Lake Ladoga} and rock falls that 
blocked up river valleys (Lahe Sarez and Yashvi kul in 
the Pamwirs}—and the action of ground waters (Cave or 
sink lakes—the hungur Lakes for example} there are 
2:So man made artificial basins (Moscow Tsimlyanshoye 


Rybinsk and other seas) and 
sea built t 
lagoons, for instance) ) wit spits and bay bars 
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There are running water lakes and lakes without outlet 
The former receive rivers and give rise to new rivers (Lake 
Ladoga Lake Onega) The latter recerve rivers, and dis 
charge their water solely through evaporation (Caspian Sea 
Aral Sea Lake Balkhash} The water in tho former 1s fresh 
and in the latter 1t gradually salimises first becoming brack 
Ish (in Issyk Kul for example it contains 3667 grams 
of salt per litre in the Aral Sea 10 4 12 9 prams, in the Cas 
plan Sea 13 14 grams) then salty and salt brine (in Lako 
lletshoye for example tho water contarns 155 2 grams 
per litre in Kara Bogaz Gol 1639285 prams, in Lake 

askunchak 2842 grams and in Krasny Liman [Pere 
kop] up to 372 grams) 

here arc no tides in lakes but waves and currents 
occur Moreover seiches or oscillations of the surface 
linked up with changes in atmospheric pressure are ob 
Served 

The water level and salimty in lakes vary depending 
on climatic conditions The temperature of Jako water near 
the surface underjoes sharp seasonal fluctuations which 
gradually smooth out with depth Depending on the geograph 
ical conditions and salinity of the water extremely low 
temperatures are occasionally recorded in lakes In Laho 
Kupalnojye for example which ts situated near the town 
of [letsh tho water (brine) temperature near the bottom 
fatls to —13 C when :ce covers the surface, and in Lako ko- 
ryakovo it drops to —27 C 

Rivers Rivers represent atmospheric precipitation flow 
ing on the Earth 3 surface and impounded into channels 
Where precipitation 1s abundant the network of rivers 15 
denser No rivers rise in deserts The Sovict hydrologist 
A Voyethov called rivers the product of the climato and 
classified them as follows 1) rivers fed almost completely 
by melted snow and tce 2) rivers fed only by rain water 
3) rivers of mixed feeding Ground waters oftcn contribute 
appreciably to the feeding of rivers 

lhe land area from which all water is drained into the 
channel of a river is called the drainage bastn Tho size 
of drunage basins the length of nvcrs and the quantity of 
water transported by them may be diffcrent Table 1 con 
tains information om some rivers 
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Table f 











isin rca 
Ann ial run 
Ri (uu) O09 Leneih ? be kil 
ver aguare kilo (kilometres) 4°! waettes) ° 
ln th USSR 
Ob (with the Irty bj 29 5°00 40 
yeni ct (with the Sclengs) 26 9 70 v0 
ena 2 35 4 600 
\mur (with tbe Argun) 20 4 480 d30 
Velga i 46 a 6&0 270 
Danube O38 2 89 220 
Dnieper 0 od 2 420 ut} 
fn other countries 

Amazon 7 Oo 5 a0 3 160 
Congo 3 6 4 200 1 80) 
Miseis ippi 3 25 6 €00 550 
Langtze 168 vw 200 680 


There 1s a great number of mvers in the world In the Eu- 
ropean part ofthe USS Ralonc there are more than 32 000 

Ravers carry fresh water Howcver in areas with an 
arid climate myer water 1s sometimes brackish as for in 
SLance in the Atreh and the Sumbar West Turkmenta 

The quantity of water in a river depends on the season 
N seasons of fow alimentation (in the Sovict Union—win 
ler) the quantity of water in rivers is small its level is 
low (low water) lugh water comes mn spring when the water 
Mla Tiver reaches its highest level, we say the river 1s flood- 
ed During high water and especially during floods rivers 
overilow their banks sometimes with catastrophic results 

The rate of flow in rivers varies greatly and depends 
on the inclination of the bed (river gradient) It increases 1m 
Proportion to the square root of the gradicnt when the gra 
dient quadruples the rate of flow doubles The moving 
force of a river depends on the mass of water im it and on 


rs 
the rate of flow and 13 expressed by the formula — 1¢e 


the moving force is proportional to the mass of water (Af) 
and to the square of the rate of flow (v) 


Thus the hydrosphere~ like the atmosphere ys highly 
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mobile and has a moving force and is as we shall sce below 
a powerful geological agent contributing to the transfor 
mation and dovclopment of the Earth s crust 


TIE BIOSPIICKE 


The geological role of organisms has been recogmised by 
scientists long ago However it was not until the twentieth 
century that a scientist laid special emphasis on the role 
of organisms in the hfe of the Earth This was done by the 
Russian mineralogist and geochemist V Vernadshy who 
showed that between organisms and the environment there 
is a close interaction which manifests itself in a continu 
ous migratron of atoms from the inorganic world into living 
organisms and yice ‘versa 

The origin of life on our planet still remains unsalyed 
It 1s supposed that the lower organisms which appeared 
in the very remote past could also have existed in thermo 
dynamic conditions other than those obtarmng today 
VY Omelyanshy gives interesting facts about the vitality 
of some lower organisms Certain fungal spores for cx 
ample exist at a temperature of up to 140 C while the 
spores of microbes live al as igh a temperature as 180 C 
and do not lose their viability Bacteria spores resist cool 
ing equally well In liquid hydrogen they lye for ten 
hours at a temperature of —253 C and at q temperature of 
—190 € they preserve their viability for about six months 
Microorganisms can survive chormous variations of pres 
surc Some saprophytic fung: and bacteria for cxample 
can resist a pressure of up to 3 000 atmospheres and yeast 
can survive under a pressure of 8 000 atmospheres 

Life on Earth 1s closely inked up with the atmosphere 
hydrosphere and lithesphere It can be said that it 15 im 
fact the function of theso geosphercs were one of them 
excluded from the composition of the Earth I:fe im its 
present form would disappear Within the boundaries of 
our planct we find organisms in the atmosphere up to an 
altitude of sx kilometres in the hydrosphere to the abys 
al depths of oceanic troughs (10170 metres) and in the 
lithosphere in layers at a depth of sovern! hundreds of 
metres 
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The history of the Karth is generally divided into two 
big periods Azoic, when there was no hfe on Earth and 
Zoic When organisms appeared and began to develop inten 
sively Since then the hthosphere has been continuously 
enriched by a number of minerals and rocks representing 
the result of the vital activity of animals and plants 

The participation of organisms in the hfe of the Larth 
1s not timated to the formation of minerals and rocks thanks 
to their vital activity, uumerous important geological 
processes take place Complex biochemical reactions result 
in the formation of soils As far bach as the beginning of 
the nineteenth century geologists rightly defined sotl 
as a rock which differed from all other rocks by iis 
fertility 

From the geological point of view individual organisms 
play different roles Organisms are divided into a) rock 
forming and b) indifferent to rock formation AI] animals 
and plants are rock forming organisms 

Among marme plants which play an important rock 
forming role mention must be made first and foremost of 
diatoms which have a silicified cell wall that persists as a 
sheleton after death and calcareous algae, which often ap- 
pear as energetic reef builders Among the rock forming 
se. animals are foraminifera radiolaria sea mats Cco- 
rals echinoderms and bivalve mollusks 

On land plants are the chief rock forming orgamisms 
Their vital activity results in the formation of caustobio 
liths (combustible minerals) sapropelites peat ignites 
coal and petroleum 

l@ enormous role that organic matter plays in the life 
of the Earth depends on the vigorous activity of organisms 
Vernadsky has calculated that the entire mass of organic 
matter on the Earth makes up not more than 0 1 per cent of 
Its crustal mass But through their activity organisms 
help to transport matter and im this respect their role ac 
cording to the opinion of some scientists (S_halesnth) 
iS a5 important as the geological role of rivers the wind 
and glaciers 
tone” propagation power of organisms 1s of great umpor 

maio Lermiit continuously lays thousands of eggs 
every <4 hours im the course of a life span that 1s some 
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times as long as nine years Dandelions engender such a 
numerous po lenty that if it all survived at would cover 
the entire land area within 10 12 years Soma fish lay sev 
eral millions of roe and if enormous numbers of these eggs 
dil not peri h the hydrosphere would bo congested in 
a very short span of time Here 1s ancther example dia 
toms propagate so energetically by gemmation that in erght 
days a singie diatom could create a mass of matter that 
would beequalto the volume ofourplanct and an hour later 
this mass Would double It would not be difficult to calcttlate 
how great this mass would be in twenty four hours S:mt 
larly ina ycara crhate mfusor:an (parameccium slipper an 
maleule) could create a mass of protoplasm that would 
be equal to the mass of our planct 

However this ecatensisce reproduction docs not lead to 
any sizable incrco c of organic matter for the overwhelm 
rg majority of organisms per: ho in the embryonic stage 
Only these survive thal are the mo t adapted to the surround 
ing> The adaptatility of organism to cnvtronment is due 
to the vanability that earh organtsm posses es under the 
influence of environment separate organs of the individual 
change con tantl, as they adapt themsclses to the functions 
the, mut perform 

The vegetable hingdom desvclops in definite conditions 
Which are extremely, diverse and may change in the courso 
of the Larth s development One of the most important 
factors in the devclopmcnt of the vegetable hingdom 1s tho 
climate The temperature humidity of the air gases top 
ography (which determines the mosemcnt of air maxscs) 
suniight an! otf are of ¢ cptial importance 

Land animals arc less depenicat on climatic conditions 
than plants dn particular this applies to wirm blooded 
animils (fir example birds mimmiliy Cat) bloodcd rep 
tics and dipno: can only five un definite climatic cont 
fiends (temperiic and warm clumats} 

Or erapbic coniituuns alu play a mejor role in the ct 
tloment of lat ad ganimata Animals Jisin, in dcfmite ofe 
graphic sonditvuns «aan fe cparate? into groups Phese 
fans govern? the distribution of lan) animals ar of spe- 
cist imy rtanc when the anmmal binglum of gat epochs 
is tutu 


There 18 a fundamental difference between marine and 
land fauna Tirst and foremost marine fauna badly adapts 
itself ta more or less perceptrble temperature fluctualions 
Marine fauna and flora are influenced by the salinity of sca 
water temperature currents sunlight water pressure 
floor relief and the composition of bottom sediments ie, 
by the entire complex of physical and chemical properties 
of the aqueous cn\ironment 

According to their mode of fe marime animals can be 
divided inte the following groups benthos—fauna found 
at the ocean boltom nekton-—free swimming organic life 
meroplankton—plankton living only part of the time at 
or near the surface plankton—passively floating animal 
life—and others 

Oceans are densely populated down to a depth of 2 000 me 
tres Below that level the number of planktonic and nektonic 
forms of fauna sharply decreases However various Tlora 
and fauna occur cven in the deepest of the ocean troughs 

The biosphere 1s the most active source of energy It 
scis huge masses of matter of the Earth s crust in motion 
Organic matter creates soil takes part in the formation of 
rocks influences the microrelref of the Earth s crust accu 
mnulates solar energy in the interior of the Earth and regu 
lates the composttion of the Earth s atmosphere All this 
shows that organic matter plays a considerable role and 


forees us to consider it as essential a geological factor as aur 
and water 


THE LITHOSLTWOCRE 


The hthosphere or the Earths crust 1s a solid rocky 
shell It is subdivided into the upper zone of katamorphism 
and the lower zone of metamorphism In turn the upper 
portion of the hatamarphic zone adjoining the atmosphere 
is called the crust of weathering while the lower portion 
1s called the belt of cementation 

The lithosphere can be observed only to a small depth 
for the deepest borcholes hardly reach 65 hilometres and 
iL 18 only in certain folded areas of the Larth that the rocks 
that formerly occurred at a depth of 15 16 kilometres are 
exposed on the surface by mountain making disturbances 
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The chemical composition of tho Earth s crust has becn 
computed on the basis of analyses of minerals and rocks 
According to the Soviet mincralegist and geochemrst A V1 
nogradoy the lthosphere consists of the following ele 
ments (in weight percentages) O—46 8 Si—2600 Al—7 4o 
Fo—4c0 = Ca—3 200 Mp—235, Na—240 A-—2d0 
H—t1{ CO 

“As the above figures show nine elements contribute mor. 
than °8 per cent of the weight of the Farth s crust with oy 
gen making up nearly half of it within limits of the depth 
indicated above and silicon accounting for a litth over 
a quarter of the weight The e two elements Uhus account 
for more than three quarters of the weight of the Earths 
crut Alumimum iren alkaline and alkaline-carth metals 
and hydrogen account for 23 per cent and the other clements 
ford 2pcercent of the weight ofthe Earth scru t The content 
of titanium carbon ant pho phorus is mewsured in tenths 
of one percent the content of manganese sulphur barium 
chlorine chromium fluorine zirconium nichcl steontium 
sana dium copper in hundredths of one per cent ar thie 
content of tung ten Jithium hafmium [cal ant? cobalt 
iM thou aniths of one percent The other climents an mp 
" ente! an tall omaller quantittes (radium = for evam 
ple) 


The Clements which occur an the Earth s eru tain minute 


GLNERAL INFORMATION ON MINCRALS 


Crystalline Structure of Minerals 


The majority of the known minerals are in a crystalline 
state and only a small number is in an amorphous state 
The difference between the crystalline and amorphous 
state is that when elements aro in a crystalline state the 
molecules atoms or ions of each are arranged in a delinite 
order and form a spatial lattice (Fig 5) while in the second 
case there 15 no regular arrangement 
of particles The difference im the in 
ternal structure of crystalline and 
amorphous bodies accounts for the 
diflerence in their physical properties 
(thermoconductivity, electric conduc 
tivity magnetisation hardness and 
so on) In a spatial lattice the par 
ticles are equidistant from each other 
in any parallel direction, but the 
distance between them can vary in /!8 ? popatial fitiee 
nop parallel dircetions Accordingly mee 
the properties of crystalline bodies defined by the inter 
relation between thc constituent particles are constant in 
parallel directions and may change in other directions This 
isdue to the structure of the spatial lattice The physical 
properties of amorphous bodies are equal in all directions 
and are defined only by the chemical composition of the 
substance That 1s why in contrast to crystalline bodies 
“hich are amsotropic such bodies are called isotropic 

Minerals which are in a crystalline state are general 
ly found an grams of irrcgular shape and seldom in the form 
of rectilincar poly hedrons—crystals (Iie 6) 

ach mineral has its own more or less constant crystal 
m which depends on the internal structure of the sub- 
stance—its spatial lattice Each crystal is bounded by 
planes called crystal faces the lines of the face intersec- 
tion are called crystal edges the points where the edges 
intersect are called apexes (Fig 7) 

nder the influence of the ensxironment the chape of 
the crystal faces their size and occasionally even their 
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Fi & Chuartz crystals 


Crystais are sym 
metrical, that is to 
say ther individual 4 
clements {faces adges 
and apexes) or combi f 
nations of elements 
are regularly repealed, 
this can be noted when 
a crystal 36 dissceted 7 
by a plane when it 
rotates 1bout a certain 
ays or When tho ar 


rangement of its D 

eparate clements is Fig ? Elements of a Fig S Flaine 
compared in relation crystal 9 Syeumectry 
to a definite pornt in ADC redral abelo * 

side 1t These planes Capex 


axes and points 11 
the clements of crystal 
symmetry and are called respectively the plano of sym 
metry tho axis of symmetry and the centre of symmetry 
An imaginary plane dividing the crystal into Luo equal 
or Mirror image parts is called ihe plane of symmetry 
(Fig 8) it as designated by the letter P 
An azis of symmeiry 1s an imaginary axis which allows 
individual elements of a crystal to repeat themselyes 
“When the crystal makes a complete revolution of 360 
1b isdesignated by the letter £ During acomplcte revolution 
this repetition of the same position can be observed 2 3 4 
and 6 times Accordingly, the axes will be called axes of 





Tig 9 Axes of symmetry; 
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symmetry of tho second 
Chimt fourth and s:tth 
onler and designated by 
the lett £. L, ZL, and 
f, (lig ) 

The point insido the 
crystal at whch all 
straight lenes connecting 
tha respective points of 

bis 10 Centro of symmetry the cry tal surface tnter- 
sect and rciprocally di 

vide into two parts is 

called the centre of symmetry it 1s destgnated by the letter 
C Acrystal can have only one centre of symmetry (Fig 10) 

A crystal that has the form ofacube belongs to the group 
of fgurs with the greatest deyrce of symmetry [bt has three 
axes of symmetry of the fourth order (32,) passing through 
the middle of the cubo faces four axes of symmetry of the 
third order (42,} passing through the apeves of the trihedral 
angles and six axes of symmetry, of the second order (b£,) 
passing through the middle of the edges (Fig 11} More 








ri. ft Axes of symmetry of a cube 


over nine planes of symmetry (9P) can be drawn in the 
cube (Fig 12) The centre of symmetry in the cube hes at 
the point where the axes of symmetry intersect 

On the basis of the combination of the clements of sym 
metry and other features crystals are classified into the 
following seven systems cubic hexagonal tetragonal trig 
onal orthorhombic monoclinic and triclinic 

The largest number of elements of symmetry 1s observed 
in crystals of the Inghest cud: system Their featuro 15 
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Kig 12 Planes of symmetry of a cube 


that they have more than one avis af symmetry above the 
second order 

Crystals with only one axis of symmetry above the sec 
ond order belong to the middle systems Depending on 
the aus order the following three systems are distinguished 
among them 


hexagonal which consists of crystals with one axis of 
symmetry of the sixth order 


tetragonal which consists of crystals with one axis of 
symmetry of the fourth order and 


irigonal which consists of crystals with one axis of sym 
metry of the third order 
rystals with no axes of symmetry or only axes of the 

second order belong to the lowest systems The following 
systems are distinguished among them 

orthorhombic which consists of crystals that have sev 
eral axes of symmetry of the second order or several planes 
of symmetry 

monoclinic which consists of crystals that hase either 
One axis of symmetry of the second order or one plane of 
Symmetry 
iriciinic which consists of the most asymmetric crystals 
Or crystals devoid of elements of symmetry or crystals 
that only have a centre of symmetry 
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Above we have indteated the minimum number of elements 
of symmetry necessary to class crystals as belonging to any 
of the liste l sy tems creept the trichnic Morover crys 
tals of the Jughest and mutdic systems may have aves of the 
sccom! ortcr planes and a centre of symmetry Crystals of 
the orthorhombic and monocdime systems may have ares 
of the second onicr and planes as well as a centre of sym 
metry 

As we have alrcaidly noted minerals either form granular 
concentrations or are occasionally Jound in tho shape of 
separite cry tals op clusters of crystaly The nature of these 
mineral concentrations and clusters depends principally 
on the conditions in which the cry tals wore formed 

Granular clusters are concentrations of mincral grains 
of different srrgular shapo that depends on the spatroal 
outline in whith the mineral had crystallisodd 

Druses are clu ters of crystals incrusted at one end to 
nome surface 

Concréetions are mineral accumulations that grow from 
some nucleus to the pernphery and form radially fibrous or 
concentrically composed clusters Oolites are also concre 
tions They arc mineral accumulations of spherical concen 
tric conchowal or radially fibrous bo Jies that form when 
a substance scttles around some minute particles 

Secretions aro formed when amuineralsub tance fills cay 
tics in rocks In contrast to conerctions the deposition of 
substance procicls from the pumphery to the nucleus Se 
cretions of up to ten millimetres in diameter are called amyg 
dales larger sevritions are called geolts 

Smiter forms of mineral clusters originate during the 
slow coating of somo surfaco by a mincral substame The 
main role im this proces 1s played by colloid solutions 
Typical reniform botryoidal clusters or clusters in the 
shape of icicles (stalactites and stalagmites) are formed 


Physical Propertizs af Minerals 
There aro different methods for identifying minerals 
they are ba.ed on a determination of the habits of crys 


tals on a study of their optical and chemical proper 
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tres chemical composition and so forth Science has reached 
a Jevel where minerals can be itentified through A ray 
diffraction spectrographic and thermal analyses and other 
methods of precise mineralogical study For the sake of 
accuracy minerals are idcntificd by several methods simul 
taneously 

In order to conduct geological explorations in the field 
1b 38 necessary to be able to identify the principal minerals 
on sight Attention must be paid to the following basic 
properties of minerals colour of a mineral in fragment and 
in powder the lustre the transparency, the fracture the 
cleavage, the hardness and the specific gravity These prop 
crbies are closely associated with the internal structure of 
minerals with the texture of their crystalline lattice In 
this connection cath mineral which 1s in a crystalline state 
has a definite number of properties that change regularly 
with the anisotropy inherent 1m mincrals 

Colour The calour of a mineral in fragment and in powder 
form may be different The colour of a mineral in fragment 
depends on the basic chemical composition of the mineral 
concerned on the arrangement of the tons and atoms in 
the crystalline lattice and on insigmiftcant chemical and 
mechanical impurities which can change the colour but 
do not influence other properties On account of this wo 
lind different minerals having the same colour (for example, 
rose coloured gypsum and rose coloured halite) or one and 
the same mineral having different colours (for instance 
flint may be white brownish grey brown, red black or 
some other colour) 

When a mineral is described, its colour should be stated 
as accurately and clearly as possible by comparing it with 
the colour of well known objects, for imstance, milk white 
lemon ycllow and So on 

n the case of some minerals the colour of the pouder 
or streak often differs from that of the fragment For in 
Stance pyrite fragments are golden-yellow while the pow 
dcr of this mancral 1s greenish black To determine the co! 
our of the powder of a mineral a streak of this powder 
usually made on the rough surface of an unglazed porce 
ain plate This makes it possible to differentiate between 
or example two muncrals whose outward appearance 1s 
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Very samiiar say hetnalite and mognetite the power of the 
former leases a cherry red streak and of the latter a black 
strenk 

Lustre Yor their lustre all minerals are divided into 
Iwo groups The first group consists of minerals with 4 
metalhe Justre an a refcetcd fight the surface of the e 
minerals 38 remini cent of a metal surface Native metals 
and mo t sulphides have a metallic lustre A deep metallic 
Justre occastonally makes it difficult to determine the col 
our of a mineral This group also includes minerals graph 
ate for example which have a submetadlie lustre that 
resembles the lustre of tarnt hed metal 

The second bigger group consists of minerals wath non 
metallic lustre In this group the lustre of mincrals 18 sub 
dissded as follows adamantine—this rs the mast intensive 
lustre and 1s typical for a smal] number of transprrent or 
translucent minerals (diamond sphalerite and others) sit 
reous—reminiscent of a glass surfaccmts a feature of most 
trinsparent and transluecnt minerals (rock crystal cal 
cite halite and so forth) greasy which gives the impres 
sion that the surface of a mineral 1s corted by a thin film 
of grease—this is a feature of quartz at fracture native sul 
phur nephelenite and other minerals mother of pearl (mi 
er tile) silky—this is the lustre of minerals with a fibrous 
structure (fibrous gypsum asbestos) Finally there are 
minerals whose surface has no Justre at all In such cases 
itis said that minerals have a dull lustre 

Transparency The transpyrency of amimeral depends on 
its ability to transmit rays of Iight Accordingly the fol 
lowing varieties of mincrals can be distinguished 

non transparent minerals 1 munerals that do not 
transmit light even through very thin sheets These mincr 
als have a metallic lustre and Icave a black or dark streak 
(native metals many sulphides ferric oxides and other 
minerals) 

transparent minerals that admit the passage of light 
like ordinary glass (for example roch crystal and Iceland 
spar 
translucent minerals that admit the passage of hght 
like frosted glass (for example chalcedony gypsum and 
accasionally opal} 


minerals that are non transparent as fragments but ad 
mit the passage of light along a thin edge (for example 
feldspars many carbonates and silicon} 

Fracture Whenvarious mincrals are broken we get frac- 
tures of various shape Often these fractures have the shape 
ofa smooth concave or convex surface with concentrically 
arranged riblets—waves resembling the structure of a shell 
Such fractures are called conchoidal 

In other cases the surface of the fracture 1s covered with 
small splinters This 15 called a splintery fracture and 1s 
a feature of minerals with a fibrous long columnar structure 
(for instance amphibole) Some munerals, for example 
haolinite have an earthy fracture resembling the rough 
surface of clay In the case of other minerals an uneven 
surface 15 formed when they break and this is called an 
unezen fracture 

Cleavage whichis the result of the tendency of miner 
als to split along parallel planes (planes of cleavage} 15S 
a form of fracture This property 1s due to the 
Structure of a minerals crystalline lattice and mans 
fests itself in defimte crystallographic planes in which 
the adhesive force between separate atoms falls to a min 
mum 

Depending on how clearly the cleavage is defined the 
following degrees of cleavage are distinguished 

emtnent cleatage when a mineral easily splinters into 
Sheets with smooth shining parallel surfaces This 1s a 
feature of mica (Fig 13) 

Perfect clearage, when a mineral that is struck breaks 
lite) along definite planes (for example calcite and ha 
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medium clearage when a mineral that 1s struck breaks 
equally often along cleavage planes 1s uneven fractures 
are formed in it (feldspars) 

imperfect cleavage 1s ascertained with difficulty in the 

orm of emall facets against the background of an uneven 
racture (apatite native sulphur) 

highly unperfect eleatage means that there 1s practical 

y no cleavage It 1s never possible to find even planes on 


the fracture of minerals with a highly imperfect cleavage 
or instance in quartz) 
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Fig 13 Mica Eminent cleavage in one direction 


Besides determining the degree of cleavage it 15 Recessary 
to mark out the planes in which if is expressed Some 
minerals mica for example have a cleavage in only one 
plane Other minerals are cleaved in two planes and the 
degree of this cleavage can be different As an cxample 
Iet us take feldspar It has a perfect cleavage 10 one 
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plane and amedium clea‘ 
ate in the other Therc 
are minerals with a three 
plane cleavage halite and 
calcite for example 
(Fig 14) 

Crystal faces can be mis 
taken for planes of cleav 
age and to distinguish be- 
tween them 1t should be 
Temembered that as a rule 
lustre 1s greater along the 





Fit 14 Calcite lericet cleavage 
planes of cleavage than in thre directions along a rhom 
along the erystal faces bohedron 


Hardness Animportant 
property that helps us to 
identify minerals 1s their hardness, 1c their resistance 
to mechanical action 

Ten minerals have been selected as standards of hard 
ness and arranged mto a scile in the order of hardness 


relative of which the hardness of all other mimerals 15 deter 
mined (Table 2) 


Table 2 
Hardness Seale 








Mineral | lin d gs Afin ral li rd es 
eee eee I ed 
Tale 4 | Orthoclase 6 
Gypsum 2 Quartz 7 
Calcite 3 Topaz 8 
Fluorite 4 Corundum 9 
Apatite 5 Diamond 10 


Bach mineral from the hardness scale can scratch the 


Solter mineral preceding it and can he scratched by the 
harder mineral below 21 


To determine the hardness of a mineral «an even facet 
is chosen on its surface and run over with the sharp edge of 
wt 65 
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a mineral from the hardness scale If a scratch 1s made on 
the investigated mineral it means thatit 1s softer than the 
mineril standard af no scratch 18 produecd 2t means the 
investigated mineral is harder than the mineral standard 
This tcust should be continued until the investigated mineral 
fits into an interval between two minerals in the hardness 
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Fig i; Double refraction in a piece of Iceland spar 


scale 1c until its hardness 3s determined as being inter 
mediate between them or as equal to the hardness of one 
of them {if the hardness of a fine grained mineral 1s tested 
itis more convenient to scratch the mineral from the 
hardness scale with the grams of the mineral being 
tested 

The hardness of a mineral can also be determined with 
the aid of a number of objects which are always on hand 
forexample the hardness of the lead of 1 soft pencil 1s taken 
as{ the hardness of halite or salt istahen as 2 = of a finger 
nail as from 25 to 3 of a nail or wire as 4 of glass as 5 
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of a steel blade or needle as about 6, of widespread miner- 
als such as quartz and silicon as 7 Minerals of a greater 
hardness occur very rarely 

Specific Gravity Itis only in a laboratory that specif- 
ic gravity can be accurately determined But in order to 
identiiy minerals 1t 1s mportant to be able by simply weigh 
ing them in your hand to determine 1f they belong to the 
group of light minerals with a specific gravity of 25 to 
the group of middle minerals with a specific gravity of 390 
to 4, or to the group of heavy minerals with a specific 
gravity of over 45 Wath some practice one soon becomes 
able to determine specific gravity with sufficient accu 
racy 

When a mineral is studied attention must be paid to all 
the physical properties cnumerated above because only 
when all these properties are determined is 1t possible to 
identify the mineral correctly 

Some minerals have properties that are not found in any 
other mineral For instance carbonates more or less freely 
react with hydrochloric acid and liberate bubbles or carbon 
lc acid gas this is called the boiling up of a mineral 
Double refraction is a feature of pure calcite (Iceland spar) 
(fig 15) Magnetite is strongly magnetised and being 
brought to the magnetic needle deflectsit Halogen minerals 


{halite} freely dissolve in water and have a charactoristic 
taste 


Classification of Minerats 


Approximately 3000 different minerals are hnown at 
present but only a small number (about 50) 1s widespread 
in the Earth s crust the rest occur rarely 

Feldspars are the most widespread group of minerals in 
the lithosphere adding up to nearly 60 per cent then fol 
lows quartz—42 6 percent mica~3 6 percent ferruginous 
magnesia silicates—16 8 per cent lime feldspar (cal 
cite)—415 per cent dolomite—O1 per cent various clay 
minerals—about 4 per cent Ail the other minerals hardly 
account for G per cent of the Earth smineral mass Munerals 


that are important constituents of ordinary rocks are called 
Tock forming minerals 
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All hnown minerals according to their chemical compo 
citron and crystalline tostur oore dusaded onto seseral 
classca of which the most impartant are 
nitive elements 
sulphides 
halides 
avides and hydrovades 
carbonates 
sulphates 
phosphates 
silicates 

The properlics of the principal rock forming muincrals 
and of essential minerals are de cribed below 
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Natize Liements 


Native elements are seldom found in nature they are not 
roch forming The origin of native elements may be associ 
ated with magma solidification with secondary chemical re 
actions or with the action of high temperatures and pressures 

Graphite [C} 1s rarely found tn the form of small ta 
bular crystals of the hexagonal system It occurs most 
often as a compact or scaly mass It his 4 dark colour~— 
from steel prey to black The streak 1s dark grey to black 
and shiny The lustre 1s submetallic The cleavage 15 per 
fect in one plane the flakes are thick and easily friable 
in thin flakes graphite 1s flexible Hardness—1 Specific 
pravity—2 09 2 23 It 15 greasy to the touch soils hands 
and leaves 1 streak on paper 

The origin of graphite 1s linked up with magmatic and 
metamorphic processes It 1s used principally in the manu 
facture of pencils and fire proof crockery and as a lubri 
cant for friction parts when on account of high temperatures 
oil cannot be used 

Diamonds are a crystalline variety of pure carbon They 
are extremely transparent very hard (hardness—10) and 
have a brill:ant lustre They occur very rarely and are used 
as an abrasive in enginecring and also as jewelry Diamonds 
are one of the most precious minerals The Soviet Union has 
deposits of diamonds in tho Yakut Autonomous Republic 
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Sulphur {S] 1s occasionally found in the form of crys 
tals of the orthorhombic system well faced and forming 
druses in sinter forms but more often as an earthy powder- 
like mass It is yellow of various shades up to green brown 
Its lustre long a fracture 1s greasy, dull Sulphur 1s translu 
cent The cleavage 1s imperfect The fracture 1s conchoidal 
and earthy Hardness—1-2 Specific gravity—2 05 2 08 
Sulphur electrifies during friction, 1s inflammable and burns 
with a blue Mame liberating a fetid sulphurous gas 

Native sulphuris formed during the decomposition of 
sulphate and sulphurous minerals and during the sublima 
tion of vapours and gases released by volcanic vents Sul- 
phur deposits are known 10 some regions of volcanic activity 
For instance there are large quantities of sulphur in [aly 
where it 1s one of the products of the eruption of volcanoes 
of the Vesuvius and Etna group In the USSR there are 
deposits of sedimentary sulphur in Central Asia and in the 
Volga Area 

Gold [Au] 1s a precious metal and 1s found in the form 
ofcrystals grains lamellae and nuggets It crystallises 
in the cubic system Its colouris yellow and it has a high 
specific gravity (156193) It 1s extremely malleable 
Hardness—2 5-3 

In a dispersed state gold occurs in rocks in rivers and 
oceans and even in the tissue and blood of living organ- 
isms In nature we find mainly native gold There are pri 
mary deposits (anclusions 1n ore bodies) and placers (de 
strayed and redeposited primary deposits) In ores and in 
placers gold 1s found im the form of tiny grains hut quite 
oiten nuggets weighing dozens of kilograms are encountered 
Native gold occurs in various shape lamellae grains rods 
and so forth The surface of particles of native gold 1S Cov 
ered occasionally with films of other substances eg 
With hydrous oxide of iron 
fatinum [Pt] like gold 1s a precious metal It 1s found 
mainly in a virgin state in the form of grams and flakes 
of different size and seldom in the form of large nuggets 
It 38 steel grey Hardness--45 Specific gravity—14 19 
Like gold it comes from primary and placer deposits 

Platinum 1s infusible chemically stable and conducts 
electricity and 1s therefore widely used in the chemical and 
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electrical engineering industries The biggest platinum de 
posits areinthe USSR (the Urals} Canada, South Africa 
and Colombia 


Suliphides 


For the number of minerals (more than 250) this class 1s 
Second aitersilicates But for their occurrence 1n the Earth s 
crust munerals of the sulphide class Ihe native miner 
als occupy one of the Jast places and are not rock forming 
However someare of great practical importance Theirchem 
ical composition 18 simple and 1s a combination of var 
ious elements with sulphur The origin of sulphides 15 
linked up principally with precipitation from hot aqueous 
solutions and in 1 lesser degree with magma solidifica 
tion and cold solutions The majority of the minerals of 
this class have a metallic lustre a relatively low hardness 
and as arule a high specific gravity 

Pyrite [FeS ] 1s one of the most widespread minerals 
of this class It is often found as well defined crystals of 
the cubic system particularly as cubes on tho faces of 
which a fine parallel striation 1s vis1ble it 1s also found 
as granular or compact clusters and round coneretions with 
aradiated structure It 1s light or golden yellow The streak 
is black or greenish blach The lustre 1s sharply metallic 
which sometimes makes it difficult to determine its colour 
Pyrite 1s not transparent The cleavage 1s imperfect The 
fracture 1s uneven or conchoidal The fracture of clusters 
is granular Hardness—665 Specific gravity—4 95 2 

Pytite often forms extensive accumulations which are 
developed with a view to producing sulphuric acid 

Chaleopyrtte [CuFeS ] crystallises in the tetragonal 
system I[t frequentl} occurs in the form of compact masses 
crystals are rire [ts colour in contrast to that of pyrite 
is hghter—a bras yellow It 1s not as hard (3 4) as pyrite 
Its specific gravity 184143 Itis awidespread copper ore 

Galena [i bs] crystallises in the cubic system It occurs 
in the form of granutar less often compact mass The 
crystals usually have tho form of cubes seldom that of 
octahedrons The colour is lead-grey Its streak is a shin} 
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greyish black It 1s not transparent Its lustre is metallic 
The cleavage 15 perfect in three planes parallel to the cube 
faces Hardness—2 3 Specific gravity —7 4 7 6 

Galena 1s an important lead ore 

Sphalerite [ZnS] crystallises in the cubic system It 
occurs in the form of fine grained or nodular masses and 
crystals of regular tetrahedral shape The cleavage 1s emt 
nent The colour is inconstant brown yellow or reddish 
The streak colour 1s yellow or brown The lustre 1s metallic 
and brilliant Hardness—3-4 Specific gravity —3 5 4 2 

Sphalerite 1s an important zinc ore 


flatides 


This class embraces a large number of minerals repre- 
senting salts of haloid acids precipitated from aqueous 
Sclutions Only a few minerals of this class chiefly chlo 
rides are rock forming 

Halite [NaCl] which crystallises in the cubic system 
is the most widespread mineral of this class It usually 
occurs in the form of crystalline clusters and seldom as 
cubic crystals Pure halite 1s colourless or white Varte 
ties of halite of different light colours (red, yellow bluish, 
grey) are frequently encountered the colour 1s due to 1m- 
purities The lustre is vitreous Halite is transparent or 
translucent [ts cleavage is perfect in three planes parallel 
to the cube faces Hardness—2 Specific gravity—2 1 2 2 
It dissolves rapidly in water and has a typical salty taste 
Beds and nests of halite occurin strata with other sediment- 
ary rocks Ocean water contains three per cent dissolved 
halite Halite sometimes settles on the bottom of salt lakes 
and bays where it is known as solar sait Ground water 1s 
often saturated with halite and occasionally this results 
Mm salt springs The water in these Springs evaporates 1n 
summer and freezes out in winter and 1s the source of what 
is known as evaporation salt 

Halito 1s used in food (as common salt) and also mn the 
Chemical industry The best known rock salt deposits are 
inthe Urals the Donets Basin near Iletskaya Zashchita 
and on the Taimyr Peninsula Solar salt 1s obtained from 
lakes Elton and Bashunchak Salt springs are encountered 
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in Slayyang Bakhimut Dastrict near the towns of Balakhna 
antl Usolye and in other places 

Sydzite [KCl] forms in the sime conditions as healtte 
but occurs less frequently it 1s sometimes found in granu 
Int intergrowths with halite [ts physical properties are 
similar to those of halite The distinguishing features of 
sylvite are its burning salty taste and bnght red or dark 
biuo colour 

Fluorite {CaP ] crystallises in the cubic system forms 
granular clusters and 1s found as separate, well defined 
crystals usually as cubes and less often as octahedrons 

[t occurs ina varicty of colours colourless yellow green 
blue violet and pink Ono and the same crystal 1s frequently 
multi coloured This mincral has a vitreous lustre 15 trans 
lucent and the pure varieties are transparent (optical fluo 
rite) The cleavage 1s perfect yn four planes parallel to tho 
octahedron faces When fluorite is heated st fluoresces in dark 
nes Hardness—4 Specific gravity—-3132 Under the 
action of sulphuric acid fluorite dissolves  Irberating 
fluoric acid (LiF ] which intensively corrodes glass 

Fluorite owes its origin chiefly to hot solutions occa 
sionally 1t occurs in sediments precipitated from cold wa 
ters It 1s very important in metallurgy 


Oxides and Hydrozides 


In this class the minerals are combinations of various 
elements with ovygen and with the OH hydroxyl group 
It is one of the most numerous classes of minerals and for 
its weight accounts for nearly 17 per cent of the lithosphere 

Quariz [$10,] 18 one of the most common minerals of the 
Earth s crust [t 1s animportant constituent of rocks formed 
deep in the Earth and on its surface 1¢ 1t takes part 
in the formation of magmatic sedimentary and metamor 
phic rocks It occurs in the form of granular clusters and 
irregular prains occasionally it 1s formed im veins and vugs 
as wellcut crystals and clusters of crystals Quartz 
crystals have the shape of a hexahedral prism terminating 
at one or both ends inrhombohedrons The faces of the prism 
are often covered with a fine transversal stration Trans 
parent quartz crystals are called rock erystals Although 
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quartz 18 colourless or white when pure it 15 often tinted 
Lorexample there 1s a Smohy rock crystal with a greyish 
tint and an amethyst rock crystal with a violet tint Black 
quartz 18 called morion The faces of the erystal have a 
vitreous lustre, and the fracture 15 greasy Quartz has a 
highly amperfect cleavage The fracture 15 conchoidal or 
uneven Quartz hiasa hardnessof 7 and a Jow spccrite gray 
ity of 2528 It dissolves only in hydrofluoric vcd 

it forms during the solidification of magma and 1s seg 
regated from hot solutions and also during the metamor 
phisation of roch High temperature quartz crystallises in 
the hexagonal system and low-temperature quartz in the 
trigonal system A cryptocrystalline variety of quartz (chal 
cedony) and not quartz proper forms on the Earth s surfaco 
during the dehydration and crystallisation of silica gel 

Chaleedony {Si0 ] 18 a cryptocrystalline varety of 
quartz occurring}in the form of compact masses sinter and 
reniform clusters or nodules Chalcedony polluted with 1m- 
purities such as clay particles 1s called silicon It occurs 
In a variety of colours Greyisairequent colour but there is 
also brown, nearly white yellow dark red and even black 
Silicon A variety of chalcedony with bright colours arranged 
In concentric circles 1s called agate It has 1weak greasy 
dull lustre and is transparent at the edges The fracture 
is conchoidal TJardness—-G 7 Specific gravity—2 425 

Opal {S10 nH,O1]15 an amorphous mineral It has a wat 
er content of 1 5 per cent which occasionally rises to 34 
per cent It is usually found in the form of compact sinter 
miasses It 1s colourless but impurities give it different 
colouis Precious opal is mith white with a beautiful 
play of colours Opal 1s semitransparent or translucent 
along the edges It has a weak vitreous or greasy dull 
lustre The fracture 1s conchoidal or uneven Hardness— 
955 occasionally 6 Specific pravity—2 2-2 5 

Opal forms chiefly on the Earth s surface as a result 
of the weathering of silicates and also of precipitation im 
Water basins Some protozoans and lower plants have an 
opal skeleton It is also known that opal segregates from 
hot solutions Quartz 1s used in optics metallurgy and 


the glass industry Quartz chalcedony and opal are also 
used in the manufacture of objects of art 
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Hemaitte [Fe Q,] crystallises in the trigonal system 
It 1s usually found in the form of compact microcrystalline 
scaly or lamelliform concentrations (tron glance specular 
Iron), in the form of nodules of radiated or conchoidal 
Structure and cryptocrystalline masses In the latter case 
itis called red iron ore Quite frequently hematite 1s found 





Fig 16 Magnetite crystals as they occur in nature 


in the form of crystals of rhombohedral and lamellar shape 
The colour of crystalline varieties of hematite 15 ron blach 
and ofden ecryptocrystalline varieties—red It has a blood 
red streak The lustre varies from metallic to dull Hema 
tite 15 not transparent even in fine Jamellae Hardncss— 
55-6 the cryptocrystalline misses are softer The fracture 
is conchoidal It has a high specfic gravity (0 53) which 
is typreal for ferruginous minerals FHlematite epregates 
chiefly from hot solutions and during metamorphi im It 
139 1n important iron ore 

Magnetile [FeO Fe,O,} crystall: es tn the cubic sy tem 
It is found in the form of compact granular clusters occa 
sionally as octahedron cry tals impregnated in rocks 


(Fig 16) 
74 


The outward appearance and physical properties of magne 
tite resemble those of the crystalline variety of hematite 
but the former 35 distinguished from the latter by its blickh 
streak and magnetisation (it attracts needles and nails and 
deflects the magnetic needle) 

Magnotite forms durng the solidification of magma and 
seprepates from hot solutions and in the course of metamorph 
ism it 1s avery important iron ore There ire rich depos- 
its of maynetic iron ore in the Urals (mounts Magmitnaya, 
Blagodat \ysokaya and others) 

fnmonite [Fe O, nH,0] 1s a hydrous oxide of iron The 
quantity of water in this mineral varies this results mn a 
change of colour as well The colour of loose varieties 1s a 
light yellow while that of compact varieties 18 brown red 
brown or brown black The streak 1s yellow-brown or brown 
Hardness—15 Specific gravity—334 Brown iron ore 
18 Sometimes found in the form of oolites and has various 
local names bean ore bog ore, meadow ore and so on 
An imterstratification of loose and compact varieties can 
frequently be seen im a specimen 

Limonite 18 a mineral of surface origin and forms during 
the weathering of all other ferruginous minerals thanks 
to the activity of microorganisms it also precipitates in 
surface basins 

Limonite 1s an iron ore 


Corundum [A1,03]} crystallises in the trigonal system and 
forms columnar pyramidal and lamellar crystals It 1s 
dark blue red, preen or brown and occasionally separate 
parts of the same crystal have a different colour Hurd 
hess— Specific gravity--394 Corundum does not dis- 
solve in acids It 1s a mineral of magmatic origin There 
are deposits of corundum in the Urals Kazakhstan and 
Yahutia 

it 1s of great importance in engineering as an abrasive 
and cutting material A red transparent variety of corun- 
dum is called a ruby and a dark blue varety 18 called a 
sapphire Rubies and sapphires are gems There 1s now an 
Industry manufacturing artificial rubies They are of great 


importance im engineering particularly m watchmaking 
thanks to their exceptional hardness 
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Carbonates 


The minerals of this class are carbonic acid salts Some 
af them are roch farming munerals of sedimentary and 
metamorphic rocks A feature of carbonates is that they 
react with hydrochloric acid [HCl]} This reaction produces 
carbon diotide (CO J bubbles which give the impression 
that the mineral boils The revction proceeds as follows 


CaCO,+ 2HCI=CiCl, + ILC, 


LIS 


Fig (7 Calcite crystals 





Outwardiy simular carbonates can be distinguished by 
the intensity of this reaction 

Calcite [CaCO,] 1s the most widespread mineral of the 
carbonate class [t erystallises in the trigonal system and 
is found 15 druses of scparate crystils {Fig 17) at often 
forms sinters in the shape of stalactrtes and stalagmites 
Cafcite is colourle 5s or white impurities may grve it var 
10s colours It has a vitreous and occasionally a moth 
erof pearl lustre It 3:5 transparent or translucent The 
cleavage 13 perfect in three planes parallel wath the faces 
of the rhombohedron Hardne s—3 Specific gravity — 
29628 Calcite reacts violently with hydrochloric acid 

The colourle 3 transparent variety of calcite is called 
Iccland spar at has the property of double refraction 
(Fig 15) and isu ed in optical instruments 
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When calcite 1s heated it liberates carbon dioxide cal 
cum oxide (CaQ] known 15 burnt lime remains Whcn wat 
eris added burnt lime turns into slaked lime [C.(QOH),] 
Slaked lime adsorbs carbon dioxide from the air and con 
solidates 

Calcite precipitates from surface waters from hot solu- 
tions, and 1s also formed in the course of metamorphism 
Widely occurring rocks, such as limestones chalks and 
marbles consist of calcite here are commercial deposits 
of chalk am the vicinity of Belgorod and m the Donbas 
Marble 1s quarried in the Caucasus the Urals the Carpa 
thians and karelia 

In the Urals Yakutia, the Crimea and the Caucasus 
there are deposits of well defined calcite crystals Ideal- 
ly transparent calcite crystals were first decribed in Ice 
land, hence their name—Iceland spar 

Aragonite [CaCO,] as distinct from calcite crystal 
lises in the orthorhombic system It often forms dense sinter 
Clusters and less often oolite concentrations and «crcular 
crystals It is distinguished from caleite by a somewhat 
higher hardness (3 5 4) an indistinct cleavage and crystal 
shape It precipitates from hot water springs the shelis 
of mollusks are formed from 1t 

Mognesite [MgCO,] 18 a rarer mineral than calcite or 
aragonite Compared with calcite its hardness and specif 
1G gravity are somewhat higher It 1s used in the manu 
facture of fire proof brichs and cement There are large de- 
posits of magnesite in the Urals 

Dolomite [MgCGO, CaCO,] 1s a widesprerd mineral of 
complex composition It 1s colourless or white but often 
due to accidental rmpurities it 18 greyish or dark It of- 
ten forms beds of considerable thickness Hardness—3 5-4 
Specific gravity—1 8 29 Only powdered dolomite reacts 
with hydrochloric acid 

Siderite (FeCO,] 1s a brown yellow or brown muneral 
with a vitreous or dull lustre It has a hardness of 3 5-45 


and a specific gravity of 3739 When it 1s free of impuri 
Hee at is an Teen Iron ore 

aiachite [(CucO, CufOH - 
ti wae : g Gu(OH},) 1s a widely occurring mine 


. ¢ 4 per cent copper content It erystallises im 
the monochnic system but crystals occur rarely Its 
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usually found as thinradial growths compnct or sinter (rem 
form) concentrations with a convergenco zonal structure 
and a radial fibrous texture of separate layers and zones 
It 1s often found in the form of «clyedges incrustations and 
earthy clusters Its colour varies from blue-green to dark 
green It has a siithy lustre Hardness-~-3 5-40 Speerfic 
gravity —3 9-4 f 

Malachite t8 a secondary mineral of the oxidation zone 
of sulphide copper deposits which occur in limestones and 
other carbonate rocks 

It :3 a Valuable commerctal copper ore but as a rule 
the depouts are not large Beautifully patterned malachite 
isa valuable industrial stone for dcecoritive abycets 

A.urite [2CuCQ, Cu(OH) J crystallisesin the monaclinic 
system [tas found in crystals grained and earthy clus 
ters incrustitions fine cavity fillings and so forth The 
colour of azurite crystals 15 1 deep dark blue Larthy clus 
ters called copper blue have a bright of light blue col 
our Crystalline azurite has 1 vitreous and carthy dull 
lustre Hardness—3 5 4 Specific priavity—3 739 Thecleas 
ape is medium in one plane Azurite dissociates freely when 
rt is oxrdised and liberites carbonic acid gas 

It 1s a typical mineral of the zone of ovidation of copper 
deposits and forms during the weathering of chalcopyrite 
bornite grey copper ore chaleocite covellite and other 
copper sulphides Malachite 1s the most usual companion of 
azurite Azurite 1s used in copper smelting and in the manu 
facture of blue paint It does not form large accumulations 


Suiphates 


The majority of sulphates are rock forming minerals of 
sedimentary rochs Their formatron 15 the result of the pre 
cipitation of the salts of sulphurhic acid from surface wat 
er or they are products of the oxidation of sulphides 

Gypsum [CaSO, 2H,0] 1s one of the principal rock form 
ing romerals of sedimentary rocks It 15 frequently found 
in well defined crystals of the monoclinic system Some 
times 1t occurs in columnar and scaly form not infrequently 
aS Lwin crystals (Fig 13) but most often a5 compact masses 
The cleavage 1s perfect Hardness—2 1t can he scratched 
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eastly with a Singernul Speeific gra 
ity —23 Pure saritics of gypsum are 
colourless sometimcs gypsum 1s) white (/ 
grey blue or pink It 15 transparent or trans 
lucent It has a vitreous and mother of pearl 
lustre Gypsum crystals with a fine fibrous 
structure are called selenite 
At a temperature above 100°C gypsum loses 
a part of its water and turns into semrhydrate 


[CaSO, 11.0] The latter 1s ground into flour \\ 


which after the addition of water becomes 1 
paste and quickly consolidates, berating hig 18 
heat as it does so Thanks to this pypsum Swallow tail 
is uscd in medicine for plaster of Paris ban = gypsum twin 
dages in the manufacture of cement 1n 
architecture, sculpture and other fields It 1s also of 
great importance in the chemical industry Gypsum depos- 
its oftcn adjoin deposits of rock salt 

Anhydrite (CaSO, ] crystallises in the orthorhombrie system 
{tis usually found in the form of compact fine grained clus 
ters Though it 1s generally white 1f sometimes has a faint 
bluish or greyish tint It has a vitreous and mother of pearl 
lustre Anhydrite 1s transparent but more often it 1s trans 
lucent The cleavage 1s perfect and medium in two planes 
vice angle of 90° UHardness-—-335 Specific gravity— 


Phosphates 


Apatite [Ca,(PO,}(CaF } (CaCl,)] 1s the most widespread 
mineral of this class It crystallises in the hexagonal sys- 
tem 18 usually found in the form of fine grammed clusters 
seldom as separate erystals m the shape of hexahedral 
prisms [ts colour varies from white to brown while large 
crystals are frequently pale green or greenish blue yellow- 
ish violet red or brown It has a vitreous lustre on its 
faces and a greasy lustre on fractures The cleavage 18 1m- 
perfect Hardness—5 Specific gravity—3 2 

It 1s very important as a raw material for fertilisation 
{t 1s found chiefly in sedimentary rochs but there also are 
apatites of magmatic and metamorphic ongin 
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structure is associited wath Jamellar crystals an eminent 
cleavage in one plane and alow hardness AJl laminated sil 
cites erystallise an the monoclinic system From the chom 
cul pointofsytew bho amphibolcs they are characterised by 
the presence of the OH hydroxy! group 

First and foremost among laminated silicates there are 
the mincrals of the mca group which are typical of mag 
Initic and metamorphie rocks Mica crystals are tabular 
Mier 1s casiy split along its cleavage into extremely thin 
clastic shects (lig = 13} 

Muscoitte [KAJ (OH) (ATS51,0,,)} 15 usually colourless 
and often has a green or pale yellow tint [It has 1 vitreous 
mother of pearl lustre It 1s transparent thanks to which 
it wis formerly used instcad of glass in windows The clcay 
ape 1s cminent an one direction the shcets are clastic 
Hardness—2 3 Speerfic gravity—2 73 Muscoviteis chiefly 
used in the electmcal engineering industry as an insu 
lating moterzal Commercial deposits of muscovite are 
linked up with pegmatites 

Western Curope used to import this mineral from Mus 
covy Where the deposits were worked as far bach as in 
the Middle Ages Hence the name 

Biotite [K(Mg Te), (OH), (AlS1,0,,)] differs from mus 
covlte by its brown or black colour weaker transparency 
(it is only translucent) and by a somewhat higher specific 
sravity (831) When black mica is weathered 1t acquires 
a bronze tint 

Tale (Mzg,(GQH)} (S:,0,,)} 15 found in compact foliated or 
scale clusters separate crystals are very rare It 1s white 
pale green bluish green or silvery It often has a mother 
of pearl lustre which turns dull in compact clusters The 
cleavage 18 eminent in one plane The lamellae spht along 
the cleavage are fletable and non resihent Tale 15 greasy 
to the touch Ilardness—t Specific gravity—2 7 28 

Talc forms as a result of the metamorphism of magnesi 
umrich silicates particularly of olivine pyroxenes and 
amphiboles Thanks to 1ts softness and eminent cleavage 1 
18 used for lubmeation Soapstone (a massive variety of 
talc) 1s used as a refractory material 

Serpentine [Mg,(OH), (S1,0,,}] 18 commonly found 1n 
compact masses and occasionally im the form of sinter clus 
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ters only one variety of serpentine—antigorite-—-is hnown 
to have crystals The colour varies from whitish green to 
black green The colouring 1s frequently arranged 1n irreg- 
ular spots hence the name (from the Latin—serpens) It 
has a vitreous greasy lustre Cleavage 1s only observed in 
antigorite Hardness-—2 54 Speenfic gravity--2 526 Ser 
pentine forms in the course of the metamorphism of basic 
rocks 

A thin fibrous variety of serpentine is called chryso?tle- 
asbestos It 18 white and sometimes green yellow It has 
a silky lustre Hardness—23 This mineral splits into 
snow white thin flexsble fibres and 1s usually associated 
with fissures, standing out in the form of veins against a 
background of compact serpentine 

Kaolinite [Al,(OH), ($1,0,))} 1s found in compact and 
earthy clusters The erystals are very small and can he 
studied only under a microscope It 1s white and in the 
smallest crystals 1t 1s colourless It has a dull lustre The 
fracture 18 earthy Hardness—1 Speeifie gravitv—26 It 
is greasy ta the touch Ina dry state it easily absorbs mois 
ture and becomes plastic 

In contrast to silicates (described above) haolinite forms 
principally on the surface of the Earth during the weather- 
ing of alumosjlicates chiefly micas and feldspars (see 
below) 

Several minerals of similar composition and represent- 
mg mixtures of two compounds--Mg,(OH),(81,0,,) and 
Mg,Al,(OH), (A1,S1 O,,) 10 which Mg** replaces Fc?+—are 
part of the chlorite group Chlorites are found in the form 
af compact or scaly dark green clusters They have a mother 
of pearl and vitreous lustre Hardness—2 2% The clear 
age 1S emiment in one plane Like micas chlorites split 
Pooee but they are not elastic Specific gravity— 


The formation of chlomtes 1s linked up chiefly with met- 
amorphism 

Glauconite 1s similar 1n composition to ferrugineus m1 
cas (lep:domelane) from which it 1s distznguished by :ts 
smaller K,O content and higher water and iron content 
The crystalline structure of siauconite bas been little stud- 
ved It is found in the form of smail spheroidal rounded 
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granules tn beds of sedimentary rocks of marine origin 
Its colour varies from green to dark green It has a dul! 
lustre Hardness—2% Specific gravity—2 226 

Glauconite :5 used a3 a potassic fertiliser as groen paint, 
and for softening hard water 

Complex tectocrystalline structures are obtained whten 
there 1s a spatial link up of silico oxygenous tetrahedrons 
In tectosilicates a part of the silicon is always replaced 
by aluminium and therefore all of them are alumosilicates 
Among minerals po*sessing this texture feldspars are the 
most widespread 

feldspars crystallic in the triclinic or monoclinic sys 
tem They are brightly coloured have a 665 hardness 
a ‘ttreous Justre a medium and perfect cleavage in two 
panes at an angle near to 90 and a spccilic gravity of 
2027 

They arc divided into two subgroups in accordance with 
their chemical composition a) soda potash feldspars or 
ancrthoclases and b) lime soda feldspars or plagioclascs 

Orthoclase (K(A1IS1,0,)] 1s the most widespread muinera' 
of the first subgroup it always cont+ins a certain amount 
of Na,O as an impurity It erystallises in tabular crystals 
of the monochnic System Jt 3s an essenija] constitucnt 
of several magmatic vein rochs and mectamorphic rocks 
Its colour varies from nearly white to different tints of 
pink yellow and blood red Cleavage—in two planes at 
an angle of 90° (hence the name orthoclase from the 
Greek orthos [straight] +Adasis [fracture ]) in one plane 
the cleavage 18 perfect and in the other itis medium Hard 
ness—G Spectrfic gravity—2 o 

A mineral of the same composition but shich cr3stal 
lists in the triclinic system is called microciine (meaning 

shghtly deflected ) The angle between the planes of 
cleavage of this mineral 1s 20 smaller than a right angle 
Outwardly microcline cannot be distinguished from or 
thoclase and can only be identified if it 1s bright green or 
blue green The latter variety 18 called ama.onite Com 
mon potash feldspars (orthoclases) are used in the glass 
and ceramics industries 

A plagioclase subgroup censisis ef minerals thal are 
a hard solution of two molecules of Na({AlS:1,0,) and 
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Ca(Al,$1,0,) mixed in any ratio thus forming a series of com 
pounds (isomorphous mixtures) with continuously changing 
composition and properties The extreme members of this 
series of minerals are called albite (sodium aluminium sil- 
cate) and anorthite (calc1um aluminium stlicate} Between 
them are oligoclase andesite labradorite and bytownite 
all of which contain sodium and calcium molecules in differ- 
ent ratios 

Plagioclases are the ingredients of several magmatic 
and metamorphic rocks All plagioclases crystallise in the 
triclinic system Scparate crystals are seldom found Com 
plex twinning of crystals 1s a characteristic feature of pla 
floclises This can often be seen on the surface of large 
crystals in the form of a fine paralle! striation 

Macroscopically plagioclases differ slightly trom each 
other and form soda-potash feldspars In some cases it 18 
possible to distinguish plagioclase from munerals of the 
orthoclase subgroup by its colour which 1s hight grey or 
greenish grey while the latter are pink or yellow There 
is also a difference in the arrangement of the cleavage 
Planes which in plagioclases form an angle of 86°24 86 50 
hence the name from the Greek plagios (oblique)-+Alasts 
(fracture) The twin striation mentioned above sometimes 
makes 1t possible to identify plagioclase In many cases 
If 18 almost impossible to differentiate between orthoclase 
and plagioclase with the naked eye and in field conditions 
there 1s no alternative but to identify the mineral simply 
as feldspar 

The composition of plagioclase can be quickly and accu 
tately determined with a polarising microscope fitted with 
a Fyodoroy universal stage this is known as the Fyodorov 
method 

Minerals of the feldspathotrd group differ from feldspars 
in that they have a smaller content of silica, and therefore 
replace the latter asit were in alkaline rocks which formed 
Tom Magma with a low silica content 

Nepheline [Na{AlS10,)] crystallises in the hexagonal sys 
tem It as grey green grey red grey to red-brown and 
blood red The fracture 1s uneven and has a greasy lustre 

© cleavage 1s imperfect Hardness—G Specific gravity— 

Nepheline 1s never found together with quartz 
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It is a rock forming mineral taking 
partin the formation of alkaline rochs 
It 1s used in the ceramics and glass 
industries and as a source of alumin 
lum oxide sodium carbonate and 
so on 
Leucite [|ACAIS: 0,)] erystallises in 
the cubic system It 1s usually 
found as regular crystalline pheno- 
crysts in the form of tetragonal trice 
Fig 20 Leucite crystal tahedrons (Fig 20) It is colourless 
whiteor light grey and has a vitreous 
and faintly greasy lustre The frac 
ture 18 uneven conchotdal Hardness—S 6 Specific pra 
ity245 25 Leucite can be used as a potassic raw 
material 


GENERAL INTORWATION ON ROCKS 


ftocks of which the Earth s crust 1s composed are ag 
gregations of minerals of more or less constant composi 
tron 

A roch may consist of one or several minerals Examples 
of monomimeral rock are marble which consists of crystal- 
line grains of calcite quartzite which consists of only 
one Mineral quartz and gypsum But 1n nature we most 
often find polymineral rocks for mmstance granite which 
consists chichy of quartz feldspar and biotite and sye 
nite which consists of feldspar hornblende and mica 

In view of the numerous minerals that are known to exist 
in the Earth s crust there should have been an infinite 
number of rocks Actually however there are much fower 
rocks than minerals The reason for this 1s that rocks form 
indefinite physreo chemical conditions related to a definite 
stage of the geological process Only a strictly ]amited num 
ber of minerals existing 1n stable equilibrium can form 
under flven conditions 

We can single out the principal rocéA forming minerals 
that form rocks and determine all their properties, and 
acresuory Tamerals whose presents or absence does nat alter 
the nature of a rock 
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Besides their mineralogical composition rocks art 
distinguished from each other by their structure and 
texture 

By the term sfructure, we mean the structure of the min 
eral agdregate 1¢@ the degree of crystallinity the shape 
of the crystals and the size of the mineral grains of which 
a given rock is formed The structure depends on the con 
ditions in which the rock 1s formed The composition of a 
rock 1¢ the arrangement of the mimerals of which it 18 
composed is known as its texture 

According to their ortgin all rocks are divided into three 
gTouUps 
magmatic rocks which form when chilled magma crystal 
lises 

sedimentary rocks, which form on the Earths surface 
as a result of the destruction of earlier rochs ind of the 
subsequent mechanical or chemical deposition of the prod 
ucts of this destruction, and also thanks to the vital activ 
ity of plants and animals 

metamorphic rocks whichform at the expense of magmat 
ic or Sedimentary rocks under the action of high tempera 
tures and pressures and also thanks to the addition of differ 
ent gaseous substances which emanate from a neighbouring 
magmatic chamber 


We shall now discuss the characteristics of the most 
widely occurring rocks 


Magmatic Rocks 


Depending on the conditions, im which magma solidifies 
magmatic rocks are divided into two proups deep seated or 
wnirustze rocks, which formed during the solidification of 
magma deep in the Earth s crust and effuszze rocks which 
owe their formation to the solidification of magma poured 
oul or ejected to the Earth 5s surface 1e lava Moreover 
there 1s an intermediate group of sem. abyssal rocks which 
were formed during the solidification of magma near the 
Larth s surface 

The mineralogical composition of intrusive and cilusiv: 
rocks depends on the chemical composition of magma 
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All magmatic rocks are divided into four groups depend- 
ing on the percentage of silicon oxide in them acid rocks 
with a 6575 per cent content of S10, average igneous 
rocks with a 55 60 per cent content of S10, baste rocks 
with a 4555 per cent content of Si0 and ultra basic rocks 
with aSi:0 content of less than 45 per cent 

There 15 such a considerable quantity of silica in acid 
rock that the surplus 1s exuded in the form of quartz In 
average igneous rochs the quantity of silica is equal to 
the quantity of cations and therefore there is usually 
no quartz at all or only a small quantity of it in thesc rocks 
In basic rocks the quantity of silica is Icss than the quan 
titv of cations These rocks contain minerals of the silicate 
group Which have a relatively small silicon oxide content 
and also olivine Lastly in the ultra basie group the quan 
tity of silica 18 very small Minerals with a poor silica con 
tent mainly olivine and pyroxenes predominate mn these 
rocks 

Magmatie rocks differ from each other as regards their 
structure and texture this being due to the different physt 
co chemical conditions that obtarned when they were’ formed 

In deep seated layers of the Earth magma solidifies slow 
ly as the temperature and pressure gradually drop and 
volatile substances (mineralising agents) stimulating crys 
tallisation appear This results in the formation of rocks 
consisting entirely of crystals 21e with a helocrystalline 
structure 

When magma pours out to the Earth s surface in the 
form of lava the temperature and pressure drop sharply 
and this causes a decrease 1n the amount of mineralising 
agents 1e conditions unfavourable for crystallisation are 
created This results in the formation of a rock with a glassi 
structure or a micracrystallinerockh mass whose crystals can 
be seen only under microscope This 1s known as an apha 
netic structure Moreover a porphyritie structure whose 
features are the presence of phenocrysts of se parate relative 
ly large crystals against a general background of a fine 
erained body of rock 1s al o typical of effusive rocks The 
reason for the appearance of this hind of structure 1s that 
as magna rises to the surface separate munerals have 
the opportunity to effloresce uhile the basie rock mass 
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solidifies quickly after lava emerges to the Earth s surface 
(Fig 245 
A porphyriite structure and less often microcrystalline 
and aphanitic structure are characteristic of sem) abyssal 
ks 
 Magmatic rochs have mainly a masstze of compact tex 
ture which we find in intrusive and effusive rocks or a 





Mi, 21 Porpbyrite Porphyritre structure 


perous texture which 1s due to the pre*ence of gases in the 
solidified magma (this is a feature of effusive rocks only) 

The conditions in Which rochs formed can thus be deter- 
mined by their structure and texture 

The colour of a rock which 1s determined by the ratio 
of bright silicates (feld.nar) and dark silicates (ferromagne- 
sa) iS a very important diagnostic feature of igneous 
rocks 

In determining magmatic rocks it 18 essential to be able 
to estimate the specific gravity of these rocks hy weighing 
them in the palm of your hand here the specific gravity 
ranges from 2527 for acid rocks to 313 25 for ultra 
basic rocks 

Macroscopically magmatic rochs can only be identified 


approximately in a general way to obtain exact data one 
needs a microscope 
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Table 3 


Principal Magmatie Rocks 
{after A Javlov) 





Rocks with bright silicates Rocks without 
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* Notwithstanding sizableamount of free quartz in the q 1irtzdiornteand its effusive analogues the per 
cuntage of siluon oxide is small fabout 63 per ceal) this brings quartz diomife close to average igneous 


cocks A small percentage of silicon oxide indicates the presence of basre plagioclase in the quartz 
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** \cphiline sjcnite and its cifusive analogues are according to prisent day views separated into 
an indi pindint group of alkaline rocks containing about 50 per cent silicon oxide 


A table of principal magmatic rocks (Table 3), which ts 
a useful aid im identifying them macroscopically has been 
compiled by the Soviet Academician A_ Paviov 

With this table magmatic rocks are identified as follows 

1 Determining a rocks acidity A rock containing 
guartz {S10,) can be classified as an acid roch (Column 3) 
A rock containing olivine [(Mg Fe), 5104] can be classified 
a8 an ultra basic rock 

The identification of average igneous and basic rocks 
i$ Somewhat more complicated These rocks may contain 
little or no quartz or olivine at all In the latter case one 
has to distimguish these rocks by their colour in average 
igneous rocks there 1s a predominance of hght-coloured 
minerals or an uncrystallised ground mass while in basic 
rocks the predominant colours are dark This conforms with 
the general law governing the distribution of colour in mag 
matic rocks among which a gradual change from light to 
Sark is observed as we run down from acid to ultra basic 
rocks 

2 Identification of a light coloured mineral in a rock s 
composition allows us to place 1t in Column 5 6 or 7 of 
the table given above Rocks which do not contain light- 
coloured minerals are placed m Column 8 Where rocks have 
a cryptocrystalline or apbanitic structure it 1s hard and 
sometimes impossible to identify a light coloured mineral 
visually 

3 When we have determined a roch s acidity and have 
identified a light coloured mineral in it we shall find that 
this brings us to some square of the table For example 
identification of an average igneous rock containing pla- 
gioclase brings us to the square with three rock denomina- 
tions andesite porphyrite and diorite All these rocks formed 
from one and the same magma and have a similar com- 
position Their difference 1s determined by the conditions 
in which magma had solidzfied 

The rocks named in the table in bold type are abyssal 
(intrusive) rocks those named in conventional type and 
im italics are effusive rocks semi-abyssal rocks are also 
named in italtes 

& Identification of the structure of a rack allows us to 
Classify at cither as intrusive or effusive If the rock is In 
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tru ive its name is determined at once (in our example— 
drorite) aif at 18s effusive the identification 1s continued 

o Phe degree of alteration of effusive rochs leads to es 
sontial distinctions m their texture and partly in therr 
mineralogical composition thus enabling us to single out 
fresh looking, significantly altered neotiype rochs and 
greatly altered paleotype rocks The former are named in 
the table mm conventional type the latter in italics 

The texture of neotype rocks 1s usually norous and that 
of paleotype rochs--compact wf there are crystalline phen 
ocrysts it may be noted that in paleoty pe rocks they have 
been greatly disiotegrated (ight coloured silicates change 
Into hauvlinite) Due to various chemical reactions the 
colour of the ground mass frequently changes as well be 
coming darker in paleoty pe rocks 

G Colunn 4 names the dark-coloured silicates occurring 
most frequently in groups of rochs of a definite acidity 
They are arranged from top to bottom in the ordcr of their 
predominance in one group or another Thus im acid rochs 
biotite 1s the mostcommon While hornblende occurs 1:58 
frequently and augite still less frequently 

The identification of magmatic rocks may be considercd 
as iomplcte when the characteristics of the dark coloured 
minerals have been determined 

It should be borne in mind that only the most typical 
rocks are listed inthe table In nature there are many rocks 
which by their composition are transitional between the 
rocks rn the table 

lhe commonest of these are described below 

Ultra-Basic Rocks These are intrusive holocrystalline 
formations They have a high specific gravity (about 3 20) 
Which 15 due to their mincralogical composition Olivine 
and pyroxenes are the minerals forming ultra basic rocks 
These rocks contin practically no other minerals of the sili 
cate class Peridotite pyTorenitle and dunite are representa 
tives of this group of rochs 

Per:idotite consists basteally of olivine There 15 also a 
sizable quantity of pyroxrenes 

Dunite consists basically of olisine chromete and mig 
Metite are present in mall amounts This rock often con 
fains native platinum 
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Pyrorenite—pyroxenes are the dommant minerals, oll 
vine 1S present in a small amount Peridotites and pyroxe- 
nites usually contain iron chromium and nickel ores 

Basic Rocks Pyroxenes ‘augite) and plagioclases {close 
to anorthite, often labradorite) are the principal minerals 
forming basie rocks in addition hornblende and less often, 
olivine may be present Dark-coloured minerals give the 
rock its dark hue, the dark grey grains of plagioclases 
standing out agaist this dark background Gabbro basalt 
and diabase are representatives of this group of rocks 

Gabbro 1s an intrusive holocrystalline rock consisting 
of dark pyroxene (augite) or hornblende crystals and light- 
coloured plagioclasc crystals The latter are often repre- 
cented by labradorite which shows a beautiful play of 
blue and green Labradoritite which consists almost en 
tirely of Jabradorite 15 a variety of gabbro Gabbroid 
rochs are linked up with titanc magnetite and copper de 
posits 

Basalt and diabase are effusive analogues of gabbro 

Basaltis a black rock with a cryptocrystalline or micro- 
crystalline structure In this rock there 1s usually a non 
crystallised glassy mass side by side with small crystals 
of augite plagioclase and olivine Against the dark bach- 
ground of this mass augite and olivine stand out in the 
form of small occasionally dotted shining phenocrysts 

Diabase has the same structure and mineralogical compo 
sition as basalt but on account of secondary changes a part 
of its components—olivipe pyroxenes and amphiboles— 
transforms into green hornblende, serpentine and chlorite 
this gives the rock its dark greenish prey hue 

Average igneous Rocks \n average igneous rochs there 
are more light coloured than dark coloured minerals Of 
the dark silicates, the most typical are biotite hornblende 
and, less frequently, augite This ratio of minerals gives 
average Jgneous rechs their light colour against the back- 
ground of which darh hued phenocrysts stand out 

Diorite ig an intrusive rack with a holocrystalline struc- 
ture Light coloured minerals are represented by plagio- 
clases (from andesite to oligoclase} to which the rock owes 
its light grey or green grey colour, that forms a background 
for crystals of dark minerals chiefly hornblende Some 
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dhiaprates Inns contain TuAely if ‘which cna they hee called 
quart. diorites Commercial di potits of lead zine and cap- 
per sulphides ace often linked op with dinrite« Skarn jran 
ores ate forined where dlorites are in contact with [me- 
stones 

I ffusive analogurs of diorite ar andeute and porphy 
rite and tho ¢ of quartz diorite are dacite and quartz pat 
phy rite 

Indesite his a porphyrithe stracturs ‘The cryptoery+ 
talline ground inass ts porous and of a light pry or 
light brown colour Shining phenocrysts of medium plo 
fiocla e4 (andesite) hornblende: or aupate frequently stand 
cota 

Porphyrite has tho same structure and mineral compos 
tron as andesite and is thr latter 4 palcotype analogue 
Porphyrite bas a more compact texture the colour of the 
ground ma sis dather and the plagroclise phenocry ts are 
In a worse stale of preservation wath the risalt that thes 
frequently lose their satreous lustre and acquire an carthy 
fracture 

Syentie 1 an intrusive rock [ts princtepol minerals are 
soda potash feldspars forthoclaso and muicroctine) and = to 
a lesser extent hornblende which 49 portly replaced by 
biotite and occasionally by augite Pts structure is holo 
crystalitn«e usually medium grained 

frachyte and orthophyroe are cfilusive analogues of sye 
nite 

Trachyte 15 a light 5cllow of pinkish porous rech with 
n porphyritic structure Crystalline phenocrysts are rep 
resented by sanidine a shining Water transparent variety 
of orthoclase and occasionally by dark catourcd minerals 

Alkaline Rocks These rocks are characterised by a rela 
tivcly low content of silicon otide (40 20 per cent) and a 
considerable content of alkalis (up to 20 per cent) 

Nepheline syenite 18 a bright coarse grained intrusive 
rock Its essential components are alhaline feldspars and 
nepheline the Jatter being easily identified by the uneven 
fracture and the dull or faintly greasy lustre Of dark col 
ourcd minerals this rock contains alkaline amphiboles 
and pyroxvenes 

Cifustve analogues of nepheline syontte occur very rarels 
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Acid Rocks Alli acid rocks are characterised by the pres 
ence of tuartz and large quantities of feldspars (ortho 
clase), which give the rochs a hght colour and account for 
their low specific gravity (about 2 7) 

Grantte 18 an untrusive rock with a holocrystalline, usu- 
ally Inedium strained or oceasionally coarse- or line grained 
structure Here the rock forming minerals are quartz com 
mon potash feldspars {orthoclase and microcline) less ire- 
quently acid plagioclase and one or several dark coloured 
minerals—lnotite, which 1m some varieties 1s replaced by 
muscovite less frequently hornblende and still less fre 
quently pyrotene (augite} 

In a quantitative respect the leading role 1s played by 
common potash feldspars which are sometimes partially 
replaced by plagioclase Feldspats are easily distinguished 
by their cleavage vitreous lustre and colour which 15 usu 
ally red white or greyish yellow Quartz 1s present in 
the form of coloutle.s or smoky grey (up to blach} grains 
of irregular shape with a greasy lustre and an uneven of 
conchotdal fracture If together with biotite granite con-~ 
{41nS muscovite it is called binary granite 

Under the influence of hot vapours and volatile com- 
pounds penetrating along fissures from a magmatic chamber, 
franite may transform into a feldspar free quartz micaceous 
rock called greisen This rock 1s linked up with deposits 
of tin tungsten and, less frequently of molybdenum and 
arsenic 

Effusive analogues of granite are liparite and quartz- 
porphyry 

Eipariie has an aphamitic or porphyntic structure The 
light coloured frequently white glassy or aphanitic ground- 
mas contains sparse feldspar, quartz and biotite phen 
gcrysts 

Quart. porphyry 18 a transformed liparite and has a com- 
pact more or less dark (brown brown red brown vellow 
or grey} ground mass impregnated with greatly divintegrated 
otthoclase and shiny quartz crystals Phenocrysts of darh 
minerals are seldom present 

Besides the rochs named in A Pavlov's table and de 
scribed above mention must he made of a number of ether 
rocks whose formation 1s bkewise associated with magma 
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Pegmatites are vem rocks that formed during the last 
stage of the solidification of magma enriched with volatile 
substances Prgmatites associated with acid granite magma 
are the most common They are distinguished by their macro- 
crystalline structure in some cases clongated crystals of 
quartz and icldspar are intertwined with the result that a 





Fig <2 Pegmaltite (graphic granite} 


pattern reminiscent of ancient hicroglyphs appears on the 
cleavage faces This variety of pegmatite 1s called graphic 
granite (Fig 22) 

Pepmatites consist chiefly of feldspar and quartz though 
they my also contain mica These rocks are linked up with 
deposits of feldspar mica and quartz as well as of many 
rire and radioactive minerals 

Obsidian or volcanic giass 18 a homoffencous§ crystal 
free mass of different chemical camposition The most 
common obsidians tooh shape during the cooling of acid 
lava They are usually of 1 dark colour (up to blach) and 
have a vitreous lustre and a conchoidal fracture 

Pumice 1s a porous non crystalline rock which formed 
during volcanic eruptions of gas rich magma [Because of 
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itS porous structure pumice has a very low specific gravity 
Git floats in water) 

Also owing their formation to volcanic eruptions 18 a 
group of rochs known as pyroclastic rochs When volcanoes 
erupt tiny particles of molten lava rock and mineral debris 
are ejected into the air together with water vapours and 
gases Loose accumulations of such particles form 2elcanic 
ash or tolcanic sand (depending on the size of the particles) 
Larger fragments known aS faprll: (small stones) and zol- 
canic bombs are also ejected Cementcd volcanic ash and 
sand ferm a compact rech called zolcanie tuff which often 
contains larger fragments 


Sedimentary Rocks 


As distinct from magmatic rocks sedimentary rocks are 
formed on the surface of the lithosphere surface as a result 
of the action of water, air or the orgamic hingdom 

While the amterior of the lithosphere consists almost 
entirely of magmatic rocks 70 per cent of its surface mass 
IS Composed of sedimentary rocks The pedimentary mantle 
18 in general not thick in some places 1t 15 only several 
score or hundreds of metres thick but 1m certain areas of 
the Larth s crust sedimentary rocks reach a thickness of 
15 20 kilometres 

These rocks occur 1n a loose state and also in a compact 
or solid state Loose rocks are either dry, as for instance 
Sand or being compact 10 a dry state readily absorb 
Moisture as for imstance, Clay 

Sedimentary rocks may be cither loose or cemented 

or example sand may turn into sandstone and gravels 
may become conglomcrate In the case of cemented rocks 
the composition strength and density of the cementing agent 
Should be determined The composition of the cementing 
agent may vary Mostly it 1s composcd of different chemical 
Compounds precipitating from the water circulating be 
‘ween fragments It maybe a}caleiferous which isidentified 
by reaction with hydrochloric acid b) silicie which 1s iden 
tulied by its great hardness and sometimes lustre c) ferri- 
lerous which 1s identified by 9 characteristic ycllaw red 
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or brown colour and by a high speeific gravity d) clayey 
which gets oahed quite easily and so forth 
It 15 of great practical importance to determine the po 
rosity of Ioost sedimentary rocks which shows the degree 
these rochs are permeable by water oil and so on 
Porosity varies with the type of rock For exam ple, in 
the case of sand porosity vanes from 28 to 40 per cent 





Fiz 23 Stratification of sedimentary rocks 


the average being about 30 92 per cent ain clays tt often 
exceeds 5055 per cent Some hard (monolithic) rocks are 
alo porous but thor porosity i considerably lower for 
in tance in lime tones 

\Iany scdimentiry rochs are stratified The formation 
of a laycr is connected with the conditions of cdimentation 
A fight change in the ¢ conditions leads to changes tn the 
dipo ited maternal an outward manifestation of this 1s 
the appearance of diffircat Jaycrs (Fig 23) 1n a roch The 
laycm are distingur hed from cach other by the composi 
tion, the size coluurand den ity of the structure of the min 
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eral grains In some cases, all these features exist simul 
taneously, 1e the composition, colour size of grams and 
density of one layer differ from those of another 

Depending on the conditions of scdimentatiton, we can 
differentiate between normal (honzontal or nearly horizon- 
tal), cross diagonal and other beddings There are sedimen 
tary rocks in which no stratification 1s observed for 1n 
stance, lamestones deposited in the sea as a result of the 
vital activity of reef building corals and plants 

On the basis of their origin, sedimentary rochs are di 
vided into three main groups 

{ fragmentary or clastic rochs which owe their for 
mation to the mechanical disintegration of rocls and the 
accumulation of rock fragments 

2 chemical rocks which were formed through the pre 
cipitation of substances from solutions 

3 organogenic rocks which took shape as a result of 
the vital activity of organisms 

When as in the case of magmatic rocks sedimentary 
rocks are identified attention should be paid to their miner- 
alogical composition and structure The mineralogical com- 
position 1s an indicator of only chemical and organogenic 
rochs clastic rocks may contain fragments of a variety of 
minerals and rocks The make up of sedimentary rochs 1s 
Shown by their structure which 1s defined chiefly by the 
size and shape of the fragments of crystals, and by the 
texture 1e, the arrangement of these fragments in the 
roc 


A description of the most common sedimentary rochs 
is given below 


Fragmentary Roeks 


According to the size of the fragments in them these 
rocks are divided into the following groups 


a) rudaceous or psephitic rocks consisting of fragments 
With a diameter of over 2 mm 

b} arenaceous or psammitie rocks consisting of frap- 
ments With a dyameter of Irom 005 te 2 mm 

c} micro-fragmental or powder rochs (aleurite) consist 
ing of fragments with a diameter of from 001 to 0 05 mm 
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d) fine fragmental (argillaceous pelitic) rochs constst 
ing of fragments with a diameter of less than 0 01 mm 

several classificatrons of clastic rochs in which the 
above mentioned sizes of the fragments slightly varied 
haye been preposed 


dtudaceous or Psephitic Rocis 


These rocks consist of fragments with a diameter of from 
2 tnillimetres to several metres Depending on the size and 
shape of the fragments and on the texture they are clas 
sified as follows 

Blochs—angular fragments with a diameter of over 100 
millimetres 

fiock waste—angular fragments with a diameter of from 
10 to 100 mullimetres 

Landu aste--angular fragments with a diameter of from 
2 to 10 millimetres 

Boulders—rounded rolled fragments with a diameter of 
over 100 millimetres 

Pebbles—rounded rolled fragments with a diameter of 
from 10 to 100 millimetres 

Gravel—rounded rolled fragments with a diameter of 
from 2 te 10 miljimetres 

Rocks consisting of cemented unrounded fragments are 
called breccia If the rolled fragments are cemented together 
the rock 1s called conglomerate 

When identifying psephitic rocks attention should be 
paid ta 41) the composition of the fragments 2) the shape 
of the fragments 1f they are rounded their shape should 
be studied an detarl because this will help to elucidate 
their origin (for example marine pebbles are usually flat 
while river pebbles are egg shaped) 3) the size of the frag- 
ments if the rock 1s composed of fragments of different 
size the range of the diameters and the dominant size should 
be indicated 4) if the rochs are cemented attention 
should be paid to the composition density and strength of 
the cementing agent 
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Arenaceous or Psammutie Rocks 


Sand and sandstones which are very widespread, are 
arenaceous rocks 

Sands are loose or compact rochs consisting of fragments 
with a diameter of from 0 05 to 2 millimetres In sandstones 
fragments of the same %1ze are cemented together 

Depending on the size of the fragments sands and sand- 
stones are divided into coarse sands coarse grained sands 
medium grained sands fine sands and fine-grained sands 
Yor the composition of the fragments in them they are often 
quartzose because chemically quartz 1s the most stable 
mineral Grains of feldspars mica, glauconite carbonates 
and other minerals may be mixed with the quartz grains 
If one of these minerals predominates in the roch the name 
of this mineral 1s added to the word sand (for example 
glauconitic or green sand, micaceous sand, quartz sand 
feldspar or arcose sand) Depending on the composition of 
the cement sandstones can be called ferruginous calcar- 
eous siliceous and so on 


Sands and sandstones are identified in the same way 
as psephitic rochs 


Muicrofragmental Rocks 


Loess and loese like loams are typical representatives 
of these rocks 

Loess 1s light yellow or straw yellow rock composed 
chiefly of 0 01-0 05 millimetre quartz and feldspar particles 
with an admixture of clay particles and lime The latter 1s 
present in rock either im the form of small, rounded particles 
(lime nodules) or in the form of diffuse dust, either of which 
can be easily detected with the aid of hydrochloric acid 
which causes locss to boil Loess 1s easily pulverised into 
a fine meaiy powder [t has a,high porosity (40-50 per cent) 
and 18 pervious to water Where huge masses of Ioess accu- 
mulate they form hugh sertical cliffs in rain channels and 
depressions In a dry stato loess 1s durable and withstands 
big loads (heavy constructions) 

Wet loe s lo es the bonding between the constituent 
fragments and grows compact with the result that cracks 
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and subsidences form on its surface Roughly up to 40 per 
cent of volumo 2s lost when morsture 18 absorbed and 
thts Jeids to the destruction of the structures erected on 
oess 

Many scientists are of the opinion that the formation 
of loess is due to eolian (wind borne} action However re 
cont studies in the USSR show that in various regions 
Jocess 18 of different origin It cin be formed of sediments 
deposited not only by the wind but also through the ac 
tion of water and a5 1 result of cluvial processes 

Loess like toams are distinguished from loess by the in 
clusion of considerable quantities of minute particles in 
addition to coarse (001005 millimetre) dust particles 
Loess like Joims are frequently very porous and contain 
carbonates thie loess some loams deercase m volume when 
they absorb moisture If the content of clay particles fle s 
than 0001 miulimetre) 1s high these loams do not sub 
side 

A number of sandy argillaccous rochs (sandy loams and 
foams) belong to this group 


Fine Fragmental Rocks 


Common clays which are partially products of the ac 
cumulation of minute mechanical particles and partially 
products of the chemical decomposition of other rocks are 
fine fragmental rocks Kaolinite and montmorillonite are 
the most ty pical minerals of which clay 1s formed Clay com 
posed of kaolinite 1s called kaolin and in the absence of 
ectogenic impurities it 1s white Clay composed chiefly of 
montmorillonite 1s called bentonite and its colour ranges 
from white to greyish green 

When tdentifying the colour of clay attention should 
be paid to the moisture content because the colour of dry 
clay 1s not 15 inten e as that of damp clay In 1dry state 
clay energetically absorbs moisture and becomes water- 
resisting a property that’sharply distingurshcs 1f from sand 
through which water freely percolates Dry clay 1s earthy 
and 1s easily ground into powder in a moist state 1t 
is plastre and takes any shape imparted to 1t preserving 
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this shape after drying A shiny streak will be Icit on the 
surface of clay 1f a line 1s drawn with a finger nail 

Clays that melt at a temperature of approximately 
4 700°C are called refractory clays Some varieties of clays 
excellently absotb grewse ind ot) and are for that reason 
ued as fulling clays for cleaning grease from wool and 
broadcloth 

In nature clay may he mixed with sand such clay 1s 
called loam Ifloam contatns gravel rock waste and bould- 
ers 1118 called boulder loam ITithified boulder loam 1s 
called tzlizte Clay with a bigh content of carbonate of 
lime is called elay mari 

Consolidated clay rock which 1s hard to break and ab 
sorbs little moisture 18 called argititte 


Chemical and Organogentice 
Hacks 


Chemical and organogenic rochs which form mainly 1n 
water basins arcinterconnectcd by a number of transitions 
In some cases it 18 rather difficult to establish the affilia 
tion of a rock to any of the above mentioned groups 

The structure of chemical rocks 1s determined by the 
sizt of the crystals of the tontituent minerals (coarse 
grained medium gramed close grained or fine grained) 
While that of organogenic rocks by the preservation of the 
constituent remains or by the affiliation of the latter to 
some organism 


Chemical and organogenic rocks are usually classified 
according to their chemical composition 


Cardonaceous Rocks 


Limestone consisting of calcite 15 the most common of 
these rocks All the properties characteristic of calcute can 
be used to identify limestone The most exact indication 
is the reachhon With bydrochlone acid Limestanes are 
usually white or light yellow but the colour can be changed 
up to black by impurities Limestones are of organogenic 
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or chemical origin In the former case the rock consists of 
organic remains which are not always detectable with the 
naked eye The organte remains may be tntact or shattered 
Attention should be paid to the degree of presersttion as 
this indicates the conditions in which the sediment was 
deposited For example limestone consisting of small frag 
monts of shells formed during a turbulent movement of water 
on the bed of a basin while sedimentation was in progress 
1¢ in shoal water conditions 

If it is passible touwentify the remains of which the Inme- 
stone consists these remains ise ther name to the 
limestone forinstanee fusulina coral brachiopod limestone 
and so on Limestones consisting of mollusks shells are 
called coquina (shell I:mestones}) Chalk 1s a special type 
of organogenic I:mestone and usually censists of tiny shells 
or shell fragments of foraminifera and of the calcareous 
skulctons of microscopic algae 

Of the limestones of chemycal orgin the following var 
letics are distinguished 

1} compact fine crystalline aggregations—compact or mas 
site dumestone—whose crystalling structure can be deter 
mincd only by a microscope 

2) oolttic lumestones—ageregations of fine spherules wath 
a conchomal or radiated structure and hrld together by 
calcarcous cement 

3) tufa or ftravertine—highly porous aggregations con 
sisting of microcrystalline calcite this rock 1s formed where 
ground waters scep through to the surface tho surplus of 
dissolyed calc:um carbonate precipitates from theso waters 
and forms a porous rock 

4)the formation of stalactites and stalagmites which 
arc sinter forms of caleite 15 Inked up with underground 
waters they hang from the ceilings of subsurface caves 
and risc from their floors thor fracture is usually coarse 
frained 

Marj is a rock composed of calcite and clay particles 
(30 o0 por cent) Outwardly 1t resemblis limestone Its chicf 
characteristic 1s the reaction with hydrochloric acid which 
leaves a spot on its surface This spot is the result of a con 
centration of clay particles where the reaction had taken 
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Dolomite 1s » rock compusted chicfly of the muneral ol 
the same name Outwardly it resembles limestone and 
differs from it by a weak reaction with hydrochloric acid 
(see mineral dolomite) It isformed mainly through a chem- 
ical transformation of calcareous sediments with which 
it 18 connected by several transitional rocks, and through 
precipitation from aqueous solutions 


Stltceous Rocks 


Siliceous rochs can also be of chemical or organogenic 
origin One of the latter type 1s diatomte which 18 a very 
heht white or light yellow rock It is a soiling rock which 
18 easily ground into fine powder and 1s composed of the 
tiny opaline skeletons of diatoms 

Outwardly there 15 hardly any difference between tri 
Polite and dtatomtte The former consists of small opal grains 
With an admixture of diatom shells and the remains of tha 
siliceous sheletons of radiolarians and sponges Its charac 
teristic features are a low specific pravity (which 1s easily 
determined by weighing a fragment of this rock in the palm 
of the hand} and an ability to absorb moisture avidly 
(sticks to the tongue} 

Opolais a hard white or grey to black rock with a con- 
Choidal fracture When struck the hardest vameties brrak 
with a specific ringing sound This rock has a somewhat 
higher specific gravity than tmpolite Investigations with 
a microscope snowed that hke tripolite opel a consists of opal 
granules and the remains of the siliceous skeletons of vari- 
ous organisms cemented by siliceous material This rock 1s 
possibly the product of the transformation of diatomute and 
tripolite 

Stliceous suriers or geyserites are a light multicoloured 
rock that forms round the outcrops of hot springs whose 
Waters are saturated with silica 


Ferruginous Hochs 


These rocks ynclude iron protoxide and iron otide which 
formed on the Earth s surface in lakes and hogs as well 
az in the turf level of meadow mantles These deposits 
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Known as ferri,inots tuff are quite widespread and often 
form beds of [ncustrine bog or mealow om which may 
bo used for the manufacture of tron 


Haioten and Suinhate Roel s 


Halogen and sulphate rocks are of chemuieal origin The 
mo t common halogen rock is ree? saiz which usually forms 
ight coloured crystalline aggregations cons: ting of mineral 
halite The eolour of this reck depends on the different 
mostl, mechanical impuritics in them Deposits of rock 
salt are often very large and form an important base for 
the chemical industry Hock salt frequently alternates with 
anhydrite {CaSO} and complet compounds containing po 
tassium = sodium and magnesium 

Gypsum is a widespread rock It may he coarse grained 
fine grained or sometimes fibrous ( clemite) it is usually 
white but sometimes it may be pink blue or some other 
light colour 

Carbonates borates and sulphates of potassium and so 
dium occur less frequently but are rmportant economically 
For example there are lales with deposits of carbonate of 
sodium On Western Siberia the Transbaikal Area Geor- 
gia) and Gorates (around Lake Indera) There are deposits 
of saltpeire in the Dorontno chain of Jakes in the Transbat 
kal Arca Morabslite 1s produced in Kara Bogaz Gol on the 
Caspian Sea 


Bauxites 


Bauztie is a rock composed chiefly of aluminium hy- 
droxide [A] O 2H 0} Usually 1t1sa light yellow red brown 
red or occasionally white earthy or ovlitic mass It 1s a 
very important aluminium ore 


Caustobroatlitas 


Caustebioliths or combustible rechs are formed organo 
genically and consist of organic compounds Most of them 
are of great, ecouomuc importance The most widespread of 
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these are coals representing various degrees of the decay 
of vegetable remains 

Peat 18 a more or less loose, yellow brown or blach rock 
composed of visible vegetable remains It 1s formed during 
tho partial putrefaction of vegetation im aqueous conditions 
with an insufficient inflow of oxygen Of the caustobio- 
liths peat has the lowest carbon content (02 62 per cent) 

Broun coal (gnite) 1s a rock which was formed as a re 
sult of the deromposition of plants in the absence of air 
Which led to the accumulation of about 70 per cent carbon 
It is a compact dark brown or blach mass with an earthy 
or rarely a conchoidal fracture and usually a dull lustre 
Its streak is dark brown 

Coal contains up to 82 per cent carbon It is a black roch 
which 15 more compact than lignite and has an earthy or 
concholdal fracture, a dull lustre and a black streak (soils 
hands} 

Anthracite 1s formed as a result of a deep metamorph 
ism of coals under the influence of high temperatures and 
pressures and contains up to 95 per cent carbon It 1s a 
very hard greyish black roch with a strong submetalihe 
lustre Its fracture 1s uneven, conchoidal It 1s a compact 
rock and does not Jol hands 

Combustible shales are a rock of mixed origin (clastic 
and organic) formed on the floor of basins during the si 
multaneous precipitation of clay particles and fine organ 
l@ coz0 (sapropel) Combustible shales aro thinly lam. 
nated have a dark grey or brown hue, and give off a bitu 
minous odour when they are burned 

Economically important rocks such as petroleum and 
the products of its alteratron (asphalt and ozokerite) are 
also clasced as caustobioliths 

It has been established that petroleum is a product of 
the deeay of plant and animal remains Sevcral hy pothe- 
ses have been advanced to explain its omgin The most 
probable one 1s that sapropel (putrid silt) which accumu 
lates on the floor of lagoons or in river deltas at the expense 
of organic remains 1s its source material The further 
transformation of sapropel under high pressures and tem 
peratures leads to the formation of gaseous ant liquid hy 
drocarbons of which oeclroleum 1s composed Pressure causes 
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the ott Co migrate into overlying strate where ab accume 
fates an porous rocks ( anda sandstones some varieties of 
Jimestones) Present day oil deposits are related to the ¢ 
rocks 

Pitrolcum 1s a complex mixture of quid and gascous 
hydrocarbons Outwardly at is a fight ofs Itquid wath a 
specific odour Depending on the composition the colour 
Varics from nearly white ycllow and md brown to dark 
brown and correspondingly its specific gravity varies 
from 0 76 to 10 

Asphalt and o oferite of mineral war are also mixtures 
of hydrocarbons and are products of the metamorphosis of 
different ols (the former of naphthenc ols and the latter of 
piralfine base oils) Outwardly they can hardly be distin 
gui hed from cach other beth arc brown or blach compact 
aggregations with a greasy Justro and nm }ituminows odour 
Each bas a different specific gravity asphalt-—112 ozo 
Lerite—0O 8 0 97 


Metamorphic Rocks 


Metamorphic rocks aro formed in deep seated layers of 
the Earth through the recrystallisation of magmatic and 
sedimentary rocks under the influence of high temperatures 
and pressures and also during the interaction of these rocks 
with the hot gases emanating from magma These proccsses 
result in @ Metamorphosis of the primary structure and 
texture of the rock and of its mineralogicil and chemrcal 
composition Metamorpbosts miy take place 1) when 
mountains fold during an sntense contriction ofrucks 2} when 
mountains subside into deeper zones where thcy come 
under the pressure of overlying bedsand the influence of high 
temperatures 3) during contact with magma 

Metamorphic rocks have a holocrystalline structure and 
foliated banded or fibrous texture The oryin ef these 
textures 18 assocrated with the perpendicular orientation 
of the long axes of the minerals to the actual pressure 

The following are the widespread metamorphre rocks 

Gneisses are banded and schistose rochs consisting of 
quartz feldspar and mica or hornblende SBiotite Musco 


fy 


site and mica gneisses also occur Gneisses may form as a 
result. of the metamorphism of magmatic rocks (orthognels 
ses) or though the transformation of sedimentary rocks 
(paragneisscs} 

Clay shales represent the initial stage of the transforma- 
tion of argillaceous rochs These transformations are so in 
significant that some scientists are inclined to classify clay 
shales a3 sedimentary rochs Clay shales are distinguished 
from the lJatter by a well defined schistosity 1m paraliel 
to which tho clay shales break easily into blades with a 
dull lustre 

In contrast to other metamorphic rocks their structure 
is not holocrystalline Outwardly they are similar to clays 
and like the latter have ancarthy fracture and a dull lustre 
but do not absorb water 

Phyllites represent the next stage of the transforma 
tion of argillaccous rocks They have a holocrystalline 
usually fine grained structure that cannot be distinguished 
With the naked eye but which 18 manifested in a deep usu- 
ally silky lustre on the surface of the fracture along the 
Cleavage Phyllites consist of tiny mica and quartz scales 

Afica schists are formed as a result of the further meta 
morphosis of argillaceous rochs They have a well defined 
holocrystalline structure and a fohated texture and con 
sist of mica and quartz They are distinguished from gnetrs 
ses by the absence of feldspar Where mica predominates 
the schist 1s called muscovite scliust, biotite schist and so on 

In addition to the rocks enumerated above there are 
& number of other metamorphic rocks with a holocrystal- 
Ime structure and a foliated texture These are united under 
the name of crystalline schists Depending on the predomi 
nant mineral in them these rochs aro known as tale schist 
chlorite schist and so forth 

Chlorite slate or schist 18 composed of scaly schistose 
grains of chlorite with an admixture of quartz Tale mica 
tspar and magnetite are encountered as accessory miner 

S 
Tale schist 18 composed essentially of tale and has a low 
ardness a high refractoriness and a greasy fer] Tale schist 


is used as a lubricating material and also for the manufac 
Lure af refractory bricks 
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Hornjels are a metamorphic rock that forms during the 
contact metamorphosis of argulaceous and cliusive basic 
rocks ‘They are a white grey and sometimes pink grey 
compact rock With a conchoal fracture and consist of 
quartz and amphiboles wath an insignificant admiature of 
biotite muscovite apatite and ot) er mincrals 

Quarizite consists Wholly of recrystallecd’ grains of 
quartz It hasaholoerystalline generally fine grained struc 
ture and a massive rarely folrated texture Pure varieties 
of quartzite are wlite or ght grey but impurities may 
change the colour to a red brown crimson ete The for- 
mation of quartzite 1s due to the metamorphosis of quartz 
sands sandstones and other siliceous rocks 

Jasper 1s a hard compact and bright or multicoloured 
rock consisting of fine grained quartz or chaliedony Hema 
tite epidete chlorite are present as impuritics 

Afaréle a transformed carbonate roch, 15 a typical met- 
amorphic rock Jt 15 mostly massive seldom shaly, and 
consists of calcite grains of more or less equal size Quartz 
hornblende pyroxene olivine and sometimes feldspar 
are prescol as impuritres and determine the colour and pat 
tern Especially pur sarretics of fine-grained marble are 
used in sculpture 

Marbles coloured by various impurities are used as a 
valuable ornamental stone In the USS FR it 1s quarried 
oxtensively in the Urals Karelia the Crimea the Trans 
caucasus Ccntral Asta and many other places Crystalline 
dolomite 18 very similar to marble but consists of dolomite 
grains Like marble it 1s used as a building and ornamental 
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rxOGFNOUs PROCESSES 


The Earth s relief is not permanent it changes constant- 
ly as a result of the actzon of water wind tempcrature Ilue 
tuations and so on These changes in the Earth s topography 
are due to external or exogenous causes 

[ct us examine the nature and results of the action of the 
Wind snow andice water flowing onthe Earth ssurface and 
migrating imto ats depths water in reservoirs and ponds 
and other external forecs The action of these forces 1s aimed 
at flattening out the Larths surface destroying moun 
tains by the gradual expo ure (denudation) of new rock 


horizons and transpoiting demolished material into lower 
lying areas 


ROCK WEATHE RING 


Weathering 15 a collective term uniting the mechanical 
Chemical and biological (organic) processes that tahe place 
on the Larth s surface as a result of temperature fluctua 
tions the freeang of water the action of the oxygen and 
Carbon dioxide in the air and atmospheric precipitation as 
Well as the action of organic acids im the soll We distin- 
Buish between mechanical (physical) chemical and biolog 
ical weathering but it is often difficult if not imposstble 
ta draw a clear distinction between them 1 nature they 
usually ace Simultaneously 

Mechanical « ea thering This is principally due to changes 
in the temperature of minerals and rochs caused by 
(cmperature fluctuations of the air and insome cases by direct 
heat from the sun Minerals and rocks expand whcn they 
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are heated anc Contract when they Are cooled This expan 
Ston and coulraction is very negligible but when it is con 
stantly repeatcd over a period of hundreds and thousands 
of ycars it ultimately mokes itself felt Under the influence 
Of this repeated contraction and expansion the adhesion 
between tho grains in a rock gradually weakens the coarser 
the grains the faster the adhesion between them weakens 
because fine grains do not cxpand as much as coarse grains 
The colour of a rockhis also rmportant Dark coloured miner 
als and rocks aro heated faster and consequently inerease 
in volume quichcr than light coloured minerals and rechs 
The adhesion between the grains in a motley rock (for in 
Stance granite which consists of black red and white min 
erals) weakens faster than in rocks of @ uniform colour 
This 1s due to the fact that grains of different colour and 
composition have thetr own cocfficient of expansion 1p 
consequence of which a supplementary stress 1s set up be 
tween them when the, oxpand 

Multicoloured coarse grained rocks offer the least restst 
ance to temperature changes Day time heating after a 
cold niyht starts a dcesquamation process while cooling 
causes rocks to crach In the course of centuries of alterna 
tion of contraction and eapansion tiny cracks appear m 
mineral bodies At first invisible to the eye they gradual 
ly expand causing monolithic mineral or rock to disintegrate 

e mechanical disruption of a mincral mass intensifics 
during sharp diurnal temperaturo changes Sharp tempera 
ture changes aro observed 1n spring and autumn especially 
wn regions with a continental climate for instance deserts 
Where the rock surface 1s heated in the day timo to 70 C 
and cools down to zero at night In deserts the changes tn 
the volume of minerals are particularly gieat and physical 
Weathering plays a very important role 

Water facilitates the action of heat and cold In rainy 
Weather rocks become wet and then dry again this repeated 
wetting and drying weakens the adhesion between particles 
of which rocks consist Water that freezes in the fine pores 
and cracks of rocks plays an even bigger role Intense tent 
perature changes are observed mm the polar regions and they 
eryve risc to What 1s hnown as frost weathering Water turos 
mento ire wheo the temperature fails below zero inercasing 
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1s volume by one eleventh Thus if during the day when 
the temperature 18 above zero water fills a void in some 
crack it will tend to widen this crack when tt freezes during 
the might 

Enormous pressure which sometimes mees to as high 
as thousands of hilograms per square tenlimetre 18 exert- 
ed by freezing water on the walls of a crack Thercfore 
In refions with considerable diurnal temperature fluctua 
trons (especially from positive to negative) mechanical 
weathering manifests itself in a very intensive manner 
and leads to the formation of taiuzs which consists of numer 
ous fragments accumulating at the base and on the slopes 
of a demolished clifi Taluses are astatic and difficult to 
traverse On the plane surface of cliifgs rochs disintegrate 
through weathering and turn into cantimucus placers of 
boulders 

Atmospheric electrical phenomena also influence rocks 
Lightning breaks up rocks or melts them altogether for 
instance loosc sands forming fulgurites These phenomena 
are however relatively rare 

Chemical Weathering The action of the vapours and 
gases tn the atmosphere and of sun rays leads to chemical 
changes in the composition of minerals and rocks Water 
vapours condensed into liguid may contain in solution 
Various substances which increase the solubility of minerals 
Moisture enriched with organic acids is not only a dissolv 
ent but also starts such intricate processes as hydrolysis 
and oxidation 

To give a clearer idca of chemical weathering we offer 
a formula showing the decomposition reaction of feldspars 
under the action of air moisture and carbon dioxide which 


leads to the formation of soft haclin (lithomarge) from 
solid feldspar 


Na,O AlQO; 68:10 +nH O0+CO =Na CO,+510, nH,O+ 
+2H,0 AiO, 25:0, 


Under tho mflucuce of air moisture ind oxygen the weath 
ering of sulphurous minerals of pyrite for example pro 
ceeds in much the same way, releasing ferrous sulphate 
and sulphuric acid 


FeS, +8H,0 +70=FeSO,4+7H,0 +H,S0, 
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When anhydrous rocks are subject 
to chemica) weathering they some 
times absorb water and develop into 
hydrates Similarly anhydrite turns 
into gypsum (CaSO, -+2H,0—CaSO, 
2i1 GO) and iron glance into limonite 
(2Fe 0,4+3H,0=2he O, 3H,0) 
These transformations are very 
widespread in nature 
Sodium carbonate potassium car 
bonate aJhalt sulphates colloidal 
Fig 2¢ Destruction of solutions of silica that rapidly dissolve 
a cliff by the roots of 
A trec In Water are also formed during 
chemical weathering Penetrating 
Into products of weathering atmospheric water (rain 
melting snow) dissolves and evacuates them into deeper 
layers insoluble products of weathering (clay sand rock 
waste eruss and so on) remain on the surface 
Biological or Organic Weathering ‘The presence of 
micro organisms inthe uppermost layers of the Earth s crust 
increases the intensity of chemical reactions Thus accord 
ingto Y I Vernadshy feldspar yields to biological weather 
ing only when bacteria participale in the process When 
water and carbon dioxide are the only agents weathering 
bardly affects feldspar 
Organisms alter rocks mechanically and chemically 
Lichens and mosses colonise the surface of rocks absorb 
nutrient substances from them and thereby destroy them 
The roots of plants also destroy rocks mechanically and chem 
ically (Fig 24) Moles ants and earth worms loosen rocks 
A weathering crust takes shape during all processes of 
weathering Tho immovable part of the weathering crust 
from Which soluble salts are washed away by precipitation 
1s called eluzzem Where the weathering crust is enriched 
with the products of the vital activity of various organisms 
and 3s partially reworked by them it 18s called sof From 
the soil plants absorb nitrogen potassium phosphorus 
calutum suphur iron copper magnesium oaygen hydro 
gen and other chemical compounds which they need for 
therr nutrition and after the, wither the, not only return 
these substances to the soil but also give it the substances 
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that they had absorbed from the atmosphere In the process 
of photosynthesis, plants turn carbon dioxide into starch 
cellulose and other organic compounds, wineh alter the 
plants die pass 10to the soil and undergo further changes— 
decay, putrefactlon and so forth Plant tissues turn into 
new compounds that imteract with mineral particles A 
part of these compounds 1g accumulated in the sail in the 
form of humic substances which distinguish soil from rock 
and mahe it fertile The remainmg compounds evaporate 
or are carried away together with water into deeper hort 
zons 

Soil Formation The vegetative cover plays a prominent 
Tole in the formation of so:l and therefore in different cli 
matic and geobotanical conditions of the Earth s surface 
this process proceeds in different ways Depending on the 
type of vegetation and changes that a plant undergoes after 
its death, different varieties of soil are formed But be 
cause the vegetative cover 15 connected with climatic con- 
ditions the soil varieties bear the marks of climate The 
climate the vegetative cover and sorls are thus interrelated 

According to the late Academician Vasily Williams, 
soilscience or pedology must essentially be considered 
a chapter of geology devoted to the study of the processes 
taking place in the surface horizons of the lithosphere imme 
diately contiguous to the atmosphere and hydrosphere 
with the direct participation of the biosphere 

The necessity of studying the soil as a natural historical 
body was first advanced by Vasily Dokuchayev founder 
of Russian geological pedalogy who said that soil should 
be called the day or external horizons of rocks {no matter 
which} that had been transformed naturally through the 
combined action of water air and various living and dead 
organisms In this connection he singled out natural soil 
oTming agents among which he included the parent rock, 
the elimate the vegetation the topography and the time 
(the age of the soil) The major tashs of pedology may be 
formulated as follows 4) study of tho origin of the parent 
toch under the influence of external geological forces 
2) study of the origin of the soil from the parent rock un- 
det the influence of intruding organisms It 13 apparent 
that the soil as well as the parent rock and all geological 
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forces (including the organic hingdom) are in a state of con 
stant development The soil is therefore studied on the 
basis of genetic and evolutionary principles 


As we have already mentioned the Earth s surface re 
ceives a mantle of sol through complex mechanical chemi 
cal and biological weathering The soils fertility 1s the 
basic feature distinguishing tt from other rocks By its or: 
gin sorlis composed of a) hard mineral particles b)} organic 
remains c) a living population d) ground water and air 
Hard particles of soil consist of mineral and organic sub 
stances the former almost always predominating 

In soil the most widespread minerals are quartz feld 
Spar and mica Makes calcite gypsum and ferric oxide are 
found occasionally In addition there are more or less im 
portant accumulations of zeolites clay particles 1] aolinite 
and montmorillonite 


The mineral particles in soil can be distinguished by 
their size Therefore a characterisation of soil must Ind: 
cate its mechanical composition 1e_ the size of the mineral 
grains init The name of various Soils depends on the con 
tent of large and small particles in them There are thus 
stony sandy silty argillaceous and other soils 

In soil organic matter 1s usually represented by humus 
which gives it various tints of grey brown and black De 
pending on the natural conditions in which soil forms the 
quantity and type of humus may be different with the 
result that the colour of the soil is not uniform cither 
Ilumus forms through the decomposition of the remains 
of plants animals and micro organisms products of their 
vital activity are often observed in humus As they decom 
pose organic remains Jose their ofiginal shape and become 
darker or brown Starch cellulose and albumins are the 
first to decompose woody fibre (lignite) resists decompo 
sition longer The mineral part of plant tissues 15 preserved 
in the humus together with the organte part 

Basicilly humus consists of highly stable humie degrada 
tion matter The type of humus evidently depends on the 
plants from which it forms In the podsolic oils of the 
northern regions of the USSR with their coniferous for 
ests the humus has a I:ght hue and a high oxygen con 
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tent Jt contains very little stable humic mitter and a large 
quantity of other water soluble mobil: substances 

Ground water plays an important role in soil dissoly- 
Ing nutrient substances and thus allowing them to be ab- 
sorbed by the roots of plants This waiter may be described 
as asolutionof mineral and organicsubstancces Where mincr- 
al matter predominates in the solution the soil ts enriched 
with salts (for instance white alhalt soils) where the solu 
tion contains a large quantity of organic matter peaty 
soils result sometimes there is only a small amount of salts 
and organic material as is often observed im sandy soils 

Soil air bas a different composition than the air of tho 
atmosphere Complex reactions of the decomposition of 
organic matter take place in the soil increasing the carbon 
dioxide content and releising gases not contained in the 
atmosphere Soil air has less oxygen than atmospheric air 

Soils have a very diverse population largely consisting 
of microorganisms, of which there are tens of millions in one 
gram of soil Tho Jargest number of microorganisms 13 ob- 
served around the roots of plants 

The composition of soils 1s constantly influenced by chi- 
matic factors and processes accompanying the development 
of plants Soils undergo very great changes as a result of 
mans activity in ploughing and fertrlising 1t and also in 
cultivating it by various other methods 

Geographical Distribution of Soils Soil is influ 
enced most of all by climate and plants On the Earth s sur 
face the climate changes from north to south the same 
change ib observed as Tegards vegetation This phenomenon 
is responsible for a certain regularity in the change of souls 

in general soils are distributed in belts according to 
the climatic zones (Fig 25) 

The following main souls are distinguished 4) tundra 


4) podsolic 3) grey forest 4) chernozem 4) chestnut 
6) brown soils of arid steppes 7) 


desert (grey or pale prey) 

3) white alkali and saline and 9) lateritic 
The climate of the Extreme North has a hepative Mean 
annual temperature At low temperatures the air is very 
humid and evaporation is therefore inconsiderable Annual 
Precipitation is low—250 300 millimetres Ovnong to the 
Negative Mean annual temperatures there ts a layer of 
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permafrost ata depth of about half aimetre and ometimes 
Jest This lager je inpersious te water with the reelt that 
precipitation collects on the urface bog ing it up 

OF vegetation there ace dame varieties af mass (nin leer 
lichen) acid herbage (cdgo orush} small heaba (clou! 
berry blueberry boarkerey) dwarl link and willow prow en 
the south ofthis halt Somenannavef the tuner are desvoidol 
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Fic 2 Qloagram sthawin, the desclopment of the soi) forming 
process in the Europein part of the USSR (after Zakhtrav) 


fo owasting - y¥ of futus 2--actcumulation of humul J-washln awayof 
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sotl Because of the low temperatures in the tundra plants 
decamposo very slowls «a factor which helps to butld tip 
Tart beds “Thg-ComUiois aro unfavourable lor onpante_Tife 
anid the sotls therefore contain ycry Tittle humus Meadow 
« cpetaHlGwOccUes OMI ONT Healy Ol gs of (he river valleys 
Forist segetalion is sometimes found on the tundras 
southern boundary 

The climate is somewhat milder south of the tundra zone 
where megn annual temperatures are Tow bul positive the 
winters shorter and tho summers warmer Tlic S01] 1s thor 
oughly Warmed thereis no permafrost Thists the forest belt 

Glacial moraine 1s the baste surface rock mm this zone 
Sand deposits products of moraine washed by glacial streams 
occur in low lying areas The annual precipitation is 600 
millimetres some of this water percolates deep sato the soil 
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and into the rocks bencathit The basic vegetative cover con 
sists of forests coniferous forests (taiga) in the north and 
mixed forests (coniferous and leaf bearing) in the south 
A different hind of humus forms 1m the forest belt than 
in the tundra zone The reason for this is that the trunks 
needles and leaves contain resins and tanning matter which 
are absent in herbs These are actd substances with a 
small mtrogen and ash content Wood soil therefore has 
a different bacterial composition than tundra soil In geobot- 
any the decomposition of forest orgamic matter is called fun 
gus decomposition after the name of a group of lower plants 
which play an important role in this process Deromposi- 
tion produces an acidir faintly coloured water soluble 
humus and the soil gets a yellow tint 15 various acids dissolve 
Thanks to the relatively high humidification alkalis and 
lime are washed out from sot] and evacuated into deeper 
layers The upper soil layer lying at a depth of about 20 
cenfimetres from the surface gets a most thorough washing 
\\ When the soil profile ig examined 1t can be seen that only 
the topmost layer contains some of humus which serves as 
a cementing material The layer beneath it, whose whitish 
hue gives it the appearance of ash, 1s called the (podsolic ) 
layer I il because nutrient substances are washe 
out of it Soil into which substances washed from overlying 
strata penetrate lies beneath the podsolic level These sub 
stances act asacementingagent and also determine the col- 


ourand other features of this layer This soil is usually 
pale yellow on top andthe entire layer 1s divided tnto small 


sharp edged polyhedrons (nuts) wath depth the layer turns 
reddish brown an 


isintegratées into larger jointines, octa- 
sionally in the form of small blocks or pillars 
OUSOl1G SGOlE and so 


are on the whole relatively poor 
but fertilisers make them as productive as chernozem 
ouflrat the forest belt stretches the steppe zone This 
new climatic and geobotanic zone has an even relief and a 
dry climate The long summer is hot the winter relatively 
short and tho spring thaw sometimes begins as early as the 
end of February 
Here the soil isthoroughly warmed and at the same time 
Well aired, thanhs to its porosity with the resull that plant 
aid anttnal remains decompose completely This produces 
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largo quantities of water solublo humus which combines 
With the iron and lime in the soil thus firmly consolidating 
that The humus satiated soil forms oa taycr that some 
times reaches a depth of 100 centimetns The abundance of 
humus gives the soil tts black colour hence the nome 
Cherng.cm* 

The quantity of humus in the soil of the steppe belt 1s 
not uniform every whine In arcas adjointng forests the hu 
mus content 16 smaller than inthe open steppe The quantity 
of humus graduatl, deercases with depth and the soil ac 
quires a light colour 

The intermediate belt of frey forest_soil) representing i 
transition from chernozem to pod olic soil ysually bes be 
tween chernozem steppes gnd Jar tracts of Inrests with pod 
Solic sail A strugete gocs an in this arca between tho forest 
and the steppe [lus is duc to the age old Muctuations from 
most to dry which results in an alternation between forest 
and steppe vegetation For example in West Ukraine and 
west of the Urals the belts of forests alternate with belts 
of steppcland licence the name—forest steppe <A transition 
from chernozem to pod olie sotl or vice versa is observed in 
this areca 

Grey_forcst soils form cither naturally, when the struggle 
between the steppe and the forest takes place under nattiral 
conditions ic Without mans participation or as a result 
of intersention by man who devclops new lands cuts down 
or burns out forests tills the podsolit soil and fcrtilises it 
The vegetative cover changes radically the forests giving 
"Nay to cereals and grasses 

Grey forest Jands are more generous than podsolie sotls, 


but they are nol as fterttit norco they fave sich valuable 
Shy sical properties as Lypical sloppc Chemorems 

o the south cast Steppe sotischangemto (chestnui sotlszy 
this being duc to_a sharp change in the climate The annual 
preciprtation is below 250 my fiaictros the summer 15 long 


and hot and the winter rs severe and relatively short” The 
Soils here arc inadequatcly Saturated Wilh inodisture and 
the vegetable kingdom, therelero also changes the southern 
chernozem steppes with ther abundance of fcather-grass 

* Derived from the words chernaya zemiya Which mean black earth 
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and sheep s fescue give way to fescue wormwood steppts and 
still further sentt to purcly wormiwvood steppes Here the 
soil forming protess 1s also differcnt the soils being of a 
dark brown colour Below the chernozem zone the chest 
nul soils contain a slightly bigger quantity of humus and the 
colour changes from dark to light chestnut 

These chestnut soils are nutrientrich and quite ferts|c 
But because Of thé _Iow precipitation farming 2s possible 
only where the soilis triificially watered and other mcasurcs 
aré_taken to accumulate and preserve moisture in 14 

Chestnut soils gradually yield to(troun soils) the reason 
for this being that the clumate is dryer and the temperaturo 
fluctuations cover a bigger range than in the preceding Zone 


@ SOlls ate rich 1D soluble salts and contain very little 
Pe gy EE 
humus 


south of the brown soils hes a belt of desert with grey or 
(Pate preysols The mean annual precipitation does not ex 
cce millimetres sometimes falling to as low as only a 
few millimetres Very considerable soil temperature fluc 


tuations (from 85 Cin summer to —30° Cin wintery are 
observed SO 

In this belt the vegetative cover 1s not continuous devel 
chon mainly in early spring and withering towards the 
“i0se Of the same season Grey soils contain a large quantity 
of calcium carbonate and also soluble salts such as sodium 
Chloride sodium sulphate and magnestum sulphate The 
abundance of lime and high ash substances and the low hu 
mic content make these soils infertile Drying up they 
break up into separate particles and are easily dispersed 
Various salts carned by capillary waters sometimes 
accumulate in Jow lying areas ‘where ground waters are 
fearer the surface 

Despite their native sterihty grey so1lls are quite fertile 
when they are adequately watered They are cultivated in 
the Central Astan republics of the Soviet Union where skil 


ul irrigation has turned separate desert areas into flowering 
oases 


Qriite alka tpand Galine soilsform onsoluble walt contain 
ing rocks in dry areas With a temperate warm or hot cli- 
mate uc to the fow humidity and intense evaporation 


capillary streams of ground Waler carry the water soluble 
i a Ta a a a 
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salts to the surface Ihe more salt there :s in the rock or in 
the ground Water that motstens the rock the more intensively 
do the saline soils dovelop Frequently these soils form as a 
result of excessive watering duo to unskilful irrigation 


(Lateritic soils) (terra rossa) likewise form in areas with 
excessive Humidity high temperatures and_luxuriant vege 


tation the abundant precipitation and high temperature 
subject rocks to intensive weathering heighten the leaching 
process and accelerate the decomposition of plant and animal 
remains with the result that a consrdcrable quantity of hu 
mus accumulates in the soil Lateritic soils are Inghly per 
meable to air and water and have @ Targe motsture capacity 
They are very fcrtile providing fertilisers are used 

Lach soil mirrors the features of the natural conditions 11 
Whichit was formed But the arth ssoil mantle 1s not stable 
The climate changes with the passage of centuries and this 
of course causes changesinthe vegetation and consequently 
in the soils A cross section of abyssal rock will show how 
the natural conditions and the soils have gradually changed 
For example very rich coal deposits that could only have 
formed from luxuriant forests have bean discovered on Spits 
bergen which 1s one of the Earth s mast rigorous regions 
with an extensive ice shect This shows thit in the remote 
past the climatic and geobotanic conditions on Spitsbergen 
were entircly different from what they are today 

We have already said that man can influence the nature 
of the soil On vast territories man has adapted soils for 
farming subjecting them to considerable altcrations This 
adaptation will no doubt continue and soils will become 
more fertile than ever 

All rochs are subjected to weathering regardless of the 
conditions in which they formed As magma _ penctrates 
into the Earth s crust it cools down and forms deep seated 
rocks When these rochs come to the surface with its iow 
pressure low and fluctuating temperatures air gases and 
moisture they adapt themselves to the new environment an J 
metamorphose accordingly Under the action of weather 
ine they form new mineral aggregations adjusted to the 
environment on the Earths surface 

\eathering creates a stable waste mantle which if the 
products of weathering had been stationary would have 
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completely enveloped the surface of continents However 
external forces sct the Earth s outer shells of air and water 
in motion and these act upon the waste mantic breaking 
and shifting it and exposing the surface of rocks that had not 
been subjected to weathering PDenudaiion or the exposure 
of rocks proceeds continuously in this manner 


GEOFOGICAL ACTION OF THE WIND 


The effective foree of a wind depends on its velocity 
Even air moving at a rate of a few score centimetres per 
second can raise and transport fine dust A strong breeze 
can throw over and move rather large grains of up to several 
centimetres in diameter Gales and hurricanes whose veloc) 
ty Sometimes exceeds 50 metres persecond are very destruc 
L1ye 

Defiation and Corrasion The wind performs a definite 
geological function which naturally 1s not always and not 
everywhere manifested 1n equal measure There are regions 
Where the action of the wind is particularly destructive 
these regions have poor orno vegetation at alland are called 
semi deserts and deserts or deflation regions Absence 
of vegetation, which fastens the soil by its roots gives free 
reign to the action of the wind In these regions the tempera 
Lure changes (attaining a daily amplitude of up to 60° C 
and an annual amplitude of up to 100° C) causing imtense 
mechanical weathering which supplies the material for defla 

10 

The particles blown off the Earths surface by the 
Wind are transported over long distances depending on the 
size of the grains 

Aur currents blow not only 1n a horizontal plane along the 

arth s surface but also in a vertical plane with the result 
that tho particles torn from the soil are tossed high into the 
air Dust particles are raised to he:rghts of hundreds of metres 
and sometimes as high as several hilometres fine sand is 
blown to a height of scores of metres and coarse sand up to 
eight or ten metres The material prepared by weathenng 
13 thus transported by the nid and es partially carved away 
from the region of deflation 
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Particles transported by tho wind strike the obstacles 
In therr path (rocks boulders and various structures) groo. 
Ing scarring and even polishing and grinding them This 
activity of the wend 1s called corraston 

The windows on the weather sule of buildings in deserts 
are sometimes polished tosuch a degree as to give the impres 
sion of having been frosted This polishing 1s done by waned 
borne sand Ancient buildings that have survived in vari 
ous places in Centril Asta show the effects of corrasion This 
is scen on the werther side of theso buildings particularly 
toaheight of half a metre toa metre and a half and some 
times to three or fourmetres The matertal formed by corra 
sion is picked up by the wind and transported farther The 
removal of this loose material 1s called deflation Corrasion 
and deflatron are two inter related processes engendering 
cach other 

The mtensity of corrasion 1s not the same ever, where 
and depends on the hardness of the rocks the size of the 
frains anil thor arrangement in the rocks the jointing 
the bedding and other factors Soft rocks wear away quich 
ly baring the bard rochs among them 

Wind borne fragments are usually held im suspension at 
ao height of a metre or a metre and a half above ground and 
this accounts forthe fact that maximum corrasron 1s observed 
at the base of cliffs In deserts isolated boulders composed 
of hortzontal beds are frequently battered into the shape of 
mushrooms or tables while boulders conststing of steeply 
dipping beds are given the shape of needles pillars obe 
lisks and so forth (Figs 26 29) 

Corrasion affects not only the foot of boulders and cliffs 
but also the horizontal surfaces polishing them if they are 
hard and carving out yardangs or sharp crested parallel 
ridges in soft rock The bottom of the grooves between these 
ridges 1s often filled with sand (Fig 30) Entire valleys have 
becn formed by wind erosion A frequent phenomenon in 
deserts Whirlwinds force sand into spiral motron to form 
verlical conical or cylindrical hollows 

Corraston also attacks lumps of rocks in the desert the 
sand grinding them into characteristic trihedrons 

Where the hardness of vertical surfaces is not umform 
lunulets are carved out by the continuous bombardment by 
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Fig 27 Wilebs Tower Rock 


sand These lunulels are widened and deepened by the sand 
to a size of tens of contimetres so that the rock surface looks 
like a honeycomb (fig 3f) 

If amore or less horizontal scam 1n a rock series is softer 
than the others it yrelds to weathering deflation and corra 
sion much faster this may result in the formation of sizable 
cavilies—caves Thicse deflation caycs occur in some of the 
valloys in the Caucasus and the Crimea where the sandstone 
beneath the hard Eocene limestone 1s eroded by the wind 
Some of the caves are so big that they are uscd as enclosures 
for livestoch 

Deserl varnish” 1s another very interesting phenomenon 
of desert regions Nearly all rocks contain iron and mang1 
nese salts as well as moisture (the guantity may be 
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Fig °$ Pyramid rock formed bj seolian 
processes 


very minute} The moisture 
on the side of the rock fre 
ine the sun evtporates in 
tensisely because of Mthe 
heat and its place 1s taken 
by morsture from the deeper 
parts of the roch from where 
if brings with it dissolved 
iron and manganese Diack 
Iron and manganese salts 
accumulate in this Way, 
miving the rock a black 
crust of a thickness of one 
or tno millimetres This 
crust 1s harder than the 
roch itself and the polish 
ing action of sand grves it 
ashiny lustre Desert var 
nish on south facing rochs is 
a typical feature of for 
example the desert and 
el Ane regions of Cen Fig 20 Weathering of igneous 

I rocks 

mregions With atemper 
ato climate where almost 
the entire surface is covered by vegetation the conditions for 
deflation are much larder Grass shrubs and trees afford 
the soil surface excellent protection against deflation But 
in steppe regions it plays an z:mportant role For example 
dust or biack” storms have been observed in the south of 
the European part of the USS NW these storms occurred 
after a long spell of drought and deflated the soil sweeping 
a layer of chernozem (10 15 centimetres and over) from tho 
fields Land reclamation 1n recent years has transformed this 
arca making it almost completely safe against deflation 
Dust storms continue to be observed in North China South 
Mongolia Australia and elsewhere Sand storms eailod 5] 
mooms which are a violent dust laden wind occasional] 
blow in Africa near vast sand deserts y 

Sorting and Depositatwn Aanebavemen 


Lioned C 
material borne by the wind from a deflation area above 
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ported over a certain distance Which depends on the size of 
the material and the fone of the wind ant then deposited 
The smatlest particles are frequently deposited several hun 
dred hilometns away from the deflation arca Tor evample 
dust from the Kara kum and kizy] ham deserts un Centra! 
Asia ts transported eastward and deposited on tho foothills 
of the Central Asian mountains Some authors arc inclined 
to belicve that this mode of dust depositation plays a very 


Ye V7 Yeh, Ve G 
/. Re Dee __—- Mp —_ 4, 
Lid keh) Ves Yj Vs Hs 


Fig 30 Yardangs 


important role in the formation of the surface mantle in foot 
hill regions and thus explain the origin of loess rocks Like 
dust sand js transported by the wind but the distance st 
covers 18 much shorter—not more than a few score and very 
rarely a fow hundred metres Larger rock fragments aro 
rolled on the ground for short distances As they strike cach 
other fragments of roch are ground and lose their original 
nogular form 

Wind borne masses of sand sometimes form more or less 
large mounds or heaps This 1s most frequently observed on 
the sea coast with its well defined sandy beaches Marine 
sand washed ashore by waves gradually drics and 15 blown 
by the wind For example on the Baltic Sea coast of the 
Soviet Union where westerly winds blow there are excel 
lent beaches and the process by which sand 1s winnowed 1n 
ancasterly dircction 1s quite sharply defined The winnowed 
masses of sand form banks with a herght from several to 200 
metres and a base width of up to a kilometre Gradually 
drifting from the coast in an easterly direction the sands 
bury forests pastures orchards vegetable fields and even 
settlements Theso winnowed masses of sand are called dunes 

Ripples are often observed on the dunes especially on 
their windward slopes As they drift a slanting lamination 
forms 10 them (Fig 32) The measures to halt the migration 
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Fig 31 Honeycomb weathering of Cretaceous sandstone 
the Crimea 


olan ttes yiclude planting marram grass pines and other 
wid w a well developed horizontal root system on the 
the sand. Stopes A soil mantle with vegetation forms on 
Toretsh, 3 allor they are fixed There arc fixed dunes in Ses 
: and Ust Narovsk on the coast of the Gulf of Fin 
near Leningrad 
52 £29 
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——— eee migrition of sand 


SS with the formotion 


~ of duncs is also of 


Zz LLB 
a 
AE eorsved onthe banks 
ade fC ft! of risers flowing in 
Lng A f more or i¢ss mer 
idional «direction 
Pik 2 Inverted beddin of sand dunes Alon, the c rivers 
the cast bank use 
ally stapes gently 
daring floods the river sand 1 deposited on the bank and 
When the water micdes the sind ts cxpo ed to the wand 
The we terly and south westerly winds provathng an the 
Curopean part of the L SSK carry sind tn an ea terls 
and north easterly direction greatly polluting the soil on 
windward slopes [his pheonamcnon 14 clearly observed on 
the binks of the Tsna the Moksha the Sura the \olga 
the Don and other riyers 
In sand deserts we distinguish sandhills barkhans and 
barkhan chains Lhe topogriphy depends on the initial re- 
icf the quantity of sand the climate and the force of the wind 
fsolited arngular mounds—sandiulis—form in areas 
with shrubbery littte sand and changing winds 
Lxternally deflated sinds sometimes have a uniquely 
regular outline On the windward side the winnowed masors 
of sand have very gently (o 12 ) sloping surfaces Tho Ice 
ward sudcs are steep and have a 30 gridient anglo that ts 
characteristic of crumbling granular masses These mounds 
have protruding edges duc to Unc action of the wind seen 
from above they resemble a half moon or a horseshoe with 
gently sloping windward sides and strep feo sides These 
mounds arocilled barthans (Fig 33) and aro typical of des 
ert and semi de cert regions 
If the winds blow alternately in different directions 
the barkhans are rearranged and their stecp slopes eradually 
migrate leeward For mstance in the season of westerly 
ot south westerly winds all barkhans turn the ends of thetr 
crescents to the cast and in the season of caSterly and 
north easterly winds they gradually rearrange themselves 
and turn to the west or south west 
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her but 
elimes stand isolated from cach of 
Bate whet cevetal barkhans develop alongside one 
2 ther, their edges Mees and thus form burkhan ¢ aUDS 
The spaces hetwcen these thaws (ridges) are depressio 
with patches of clay (iakyts} 


dicu 
to barkhan chains extending perpen ; 
i "i athe direction of the wind there are long rampart 
extending wn the direction of the sind They Gil the rele 
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Fig ” 


Solitary harkhan 


with pits and ridges and where the wind blows tn different 


dircetions they form immobile Tamparts round deflation 


Hasins Pyramid shaped dunes form im areas mtercected by 
ainds af right angles 


Some barkh ins Te 20 on metres lugh Like dunes thes 
can only be formed where there 1s an adequate supply of 
cand There ae no barkhans in stone de erts and tahyrs 
onty malt, bairhhan like deflated ma cs of sands art foun 
there Not higher that centimetres 
models of bithhans ofen of a ye 

Warkhans emerge Shen an ob tale chee ee a bush 
stands in the path of a winnowed mass of sand 75° 
ainnowing continues until the sand reaches the level of 
the obstacle (Fit Sa) Then cand j¢ poured on the rocw at? 
side and tips af a crescent are hate up by the wind © 
" riy 


they are smal 


either side (Fig 35) 
Drifting mounds develop 
if the supply of sand 15 
not sufficient to form 
barkhans Where the 
supply of sand 1s ade- 
quate barkbans grow 
merge together and form 
Fig 34 Formation of a hillock rows Ike dunes The 
behind 1 shrub (a) and tn front gaps between the bark 
and behind a rock (8) hans form chains of 
kettle holes (Fig 36) 
puch is the behaviour 
of the sands of the Kara Kum and kKizyl hum deserts 
mm Central Asia of Eastern Mongolia and the Taram Basin 
of the Sahara Desert and of deserts in Arabia, Australia 
and other parts of the world 
Some barkhans especially small ones drift rapidly in 
the direction of the prevailing winds Small barkhans 
usually travel 30 or 40 metres a year but in some cases 
they can trate] a distance of one er two hundred metres 
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Fig 33 Diagram showing the direction and action of wind streams 
in the air current during the formation of barhhans 


Ridgy sand advances at a much slower rate and burres 
sandless steppes cultivated Gelds and villages as has 
happened in Turkmenta Uzbekrstan and Kazakhstan 
(Fig 37) Sands can be halted by planting vegetation 
Barkhan sands occur chiefly on the margins of deserts 
rarely in the interior The bulk of wind borne sand and 
dust moves from the interior of deserts to their borders 
where the larger particles settle dust 1s transported past 
the boundaries of deserts to ateas with vegetation and 
rainfall where after mecting winds blowing from other 
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Fig 3a Barllan field 





Fig 37 ‘ag | tion buricd by sant in tle region of lie Aral Sea 


directions the desert winds lose their force and deposit 
this fine maternal The layer of dust prows at a rate of one 
or two millimetres a year but in the cour e of thousands 


of ytara it forms deposits whose thickness m irom 19 to 20 
metres and Sometimes more 


isi 


thas wind borne dexcrt dust gradually accumulates and 
forms thick layors of yellow soil or foess (Fig +8) 

A classical example 13 China where loess covers huge 
expanscs and is deposited on diferent hy psometric sarlaces 
the deposits arc sometemes 400 metros thick The Gcbs 
Khami and Jungar de erts are the “dust factory for loces 
th North Ching 
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The conditions for colation or the geological activity 
of winds are not uniform The most favourtble are in des 
crts—equatarial deserts (Sahara Arabia Mevxice and sa 
on} northern deserts (Aral and Caspian) the deserts in 
China and Mongolia (Gohi) and other de*erts 

Depending on natural conditions deserts are divided into 
clayey deserts (takyrs}) sandy deserts and stone deserts 
Clayey deserts are flat plains sandy deserts have 1 hummockh 
and flat surface and stone deserts are regions where the 
wind removes loose material leaving solid rocks bare to 
the continuous attack of the weather 
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These three types of deserts are naturally linked up 
in space The landscape of stone deserts consists of regions 
of deflation which give way first to regions of accumula 
tion of eolran sediments (sandy dune barkhan land cape) 
and then to the marginal zones of deserts where silt and 
clayey material accumulate The general facies chinges 
of continental deposits 15 reflected in this spatial change 
of eolran sediments 


GFOTOCICAL ACTION OF FLOWING SURFACE 
WATER 


Atmospheric precipitation as rain and snow and also 
water from springs move from elevated to lower areas 
performing a geological function on the way We distin 
guish the action of surface waters not gathered into regular 
channels (plane erosion ar deluvial process} and the action. 
of surface waters flowing im regular channels in Streams 
and rivers (linear erosion or erosive process} 


The delusial process 


Here water moves along the Earth s surface as down an 
inclined plane—the run off takes the form of a continuous 
water sheet in which separatestreamsinterlace Under nat 
ural conditions such a water shect forms on upland slopes 
and on the sides of ravines and river valleys 

This sheet of water 1s only a few mullimetres thick 
However as it streams down siopis over a long period 
water performs a noticeable function Its motive force 1s 
equal to half the product of 1ts mass by the square of its 
velocity Therefore the steeper the slope and the more 
rain Water that falls on 1t the greater 15 the motive force 
of the streams and consequently the stronger is their 
action This action consists in the run off prching up and 
transporting fine products of weathering and particles of 
soft rocks such as clays and marls of which the slopes are 


composid These particles move down the slope and drop 
into cavities 
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A slope sometimes de cends evenly directly into a water 
channel in which cago all the particles washed off the slope 
reach the channel where they are picked up and earried 
away But a slope usually Mattens ont at the bottom 
Where the run off velocity drops wath the result that coarse 
miifcrial is deposited If the water channel 1s sufficiently 
far from the foot of the slope the rain witer may not reach 
it om which case all the water borne material 18 heaped 
up at the bottom of the slope The streams of surface water 
thet de not gather m regular channels gradually wash 
pirticles of rocks aw1y from the top of a slope and transport 
them to its bottom ‘This ts hnown 15 the deluvinl proce ¢ 
and the accumulated washed away particles are called 
decuzium Depending on the duration of this process the 
deluyium deposits sometimes grow to a thickness of several 
scores of metres 

Deluvial deposits accumulate at the foot of slopes in 
the form of trains Morphologically} the latter resemble 
talus trains The difference between them les in the wy 
debris is distributed In deluvium the coarse grained 
fraction remains on top of the slope while im talus it gathers 
at the bottom 

If the slope consists of superimposed beds the tapmost 
bed is eroded first then the second bed 1s exposed to weather 
ing transported downhill and superimposed on the hed 
that had been brought down first The products of ablation 
of the third bed are arranged still higher in the deluyral 
series Thus in deluvial deposits we observe the same 
beds lying near the water divide in a rewashed state but 
arranged in inverse order 

The composition of the material in deluvial deposits 
their colour thickness and other feitures depend on the 
hught of slope its stcepness and the hardness of the rocks 
The deluvial deposits on the sides of valleys composed of 
uniform clayey series are of the same claycy pattern but 
only rewashed In areas composed of yarious rochs the 
delusial deposits are not uniform 

Ablation 15 factlitited 1f the slope 1s steep and not 
fixed by vegetation Grass protects slopes agaist deluvial 
action because rt bends 1n the direction in which the water 
flaws «nd forms a protective coating There 1s intensive 


fdé 


ablation on ploughed slopes particularly before the sown 
vegetation germinates and strikes root Deluvial ablation 
1s often 1 menace to farming because fertile soil 1s washed 
away 

In the final analysis ablation does the job of flattening 
out any ruggedness inthe relief the interfluvial areas sink 
sradually «nd the low ares rise at the expense of debris 
brought down to the foot of slopes 


Erosion 


lf a hollow (rut or groove} appears on the Side of a hill 
it collects many of the streams Erosion proceeds 
More intensively in this hollow than elsewhere The ong-~ 
inl hollow with its sharply defined outlines grows longer 
uphill until it reaches the crest of the slope It exp-nds 
in the centre while the lower part flattcns out as debris 
accumulates A pully thus takes shape on a once perfectls 
even slape Each section of a valley is subject to dificrent 
geological action erosion im the upper transportation 1n 
the middle and depositation in the lower section The 
level at the foot of a slope from which a gully grows 1 
called the base lezrel of erosion This wril he the level of the 
water basin (river, sea) unto which the river flows 

Systems of Guilies There sometimes arses a system 
of gullies running in more or less parallel directions from 
a watershed towards a valley and cutting sto its slopes 
frequently to a considerable depth (up to several tens of 
metres) (Fig 39) Branches may appear in the princrpal 
gulfy and grow together with 1t 1e, as they grow their 
apexes rise 1n the direction of the watershed and they 
become deeper and wider where they join the principal 
guily At the top of a gully there ts usually a cliff from which 
rain Water rushes down, undermining the base of the ehiff 
and thus expanding the gully 

The rate at which a system of gullies develops depends 
on the geological pattern of the slopes of « watershed and 
on their steepness Frequently a system of gullies gradually 
climbs to the top of a watershed cuts it and attachs the 
opposite slope Asit develops a gully which has penetrated 
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tnto an adjacent drainage system may encounter the gullies of 
this slope cut into them and intercept the water carried 
by them Not only gully drainage but also the river drainage 
of the opposite slop. can thus be intercepted This process 
is known 18 river valley piracy 

some gullics are very long and have a complex network 
of branelics The growth of a gully can be easily traced 
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Fy Jo Devctopmcnt of + gully network die lo the erosion of steep 
1lije} lopes 


Sepirite sections wd oecistonally fairly large areas of 
an interfluve can be cut up by 1 dense network of gullies 
and made tnicecssible and unsuitable for cultivatron 

Gullies develop very rapidly in barren fouothill areas 
composed of loess Itle rocks 

Galles usually carry water only an the rainy ¢ ison 
or during the spring thaw and are dry in other se1sons 
As they gradually grow wider and deeper thecy reach a 
temo where their beds (thalweg} become fat and erosion 
ceises The bed of a gully is at first) quite steep and the 
utter therefor, has a very great velocity as the ravine 
lonethens out 1ts pradient becomes gentler and thas slaws 
the witer down and consequently its force decrea e3 and 


the gullies stop growing 
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In a temperate climate 
the slopes and bed of a gully 
are covered with sod 1e 
grass bushes and even trees 
prow on it These gullies <€ 
are called ravines ithe 

When a decpenmng gully bs wt soa f : San 





sirikes a water Saturated . eo es /eh- i 
stratum of reckh springs wae E Sa 
appear on its bed, piving Ce po Toe rail / 
rise to a continuously flow- ; we ee Se ete 


ing stream By draming = prise, rt, “Be ni Sa 
sround waters gullies low uk. 7 e ee a 
cr their level and thereby a Le oe - 
cause enormous harm he re ee, Pind ne ts 4 PS 
cause of the uniavourable KC 
conditions they create for kK 
the development of vege- raat Mee 
tation Tho spread of oral oy xt : ; ete rm 
lies 15 combated primarily Sat a a Bi CRS, 
by planting bushes and 
trees in their upper reaches ‘1% 40 eee wath dame " 
and alsa by constructing 
dams (Fig 40) 

The erosion that 1s ohserved in gullies takes place 
In rivers on a much bigger -cale 

River Systems The area over which a fiver flows em 
plying into a central channel 1s called 9 draimage basin 
The basins of big rivers occupy vast areas of hundreds of 
thousands of square kilemetres The bigges{ draimage 
basin in the European part of the USSR is that of the 
Volga which has an area of { 380 000 square kilometres 
This basin unites the big Oha and Kama rivers and many 
thousands of small rivers and streams that dram into the 
Volga and its principal tributaries 

The geological actian of rivers contists mainly im erod 
Ing river beds and banks and transporting and depositing 
rock waste All these aspects of activity are often man: 
fested simultaneou ly in one and the same area of a valley 

Flowever the most vigorous erosion 1s observed in the 
upper reaches of 1 river where the bed gradient 1s very 
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Steep in the midchannel section geological actron consists 
chiefly of scouring transportation and depositation and 
in the lower course—of transportation and depositation 


rr 





Ki «oat Bed crosion in the upper reathes of a 
mountain sifeim 


The intensity of crosion§ transportation and deposs 
tation in one and the are section of @ erver May vary 
con iderably in time depending on the quantity of water 
in the river The more water there i9.in a river the more 
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intense is the erosion proc 
ess Given the same quan 
tity of water in a stream 
erosion depends on the rate 
of fow It has been estab 
lished that 1f the rate of 
flow is doubled the water 
carry lug cipicity increases 
G4 times while if the rate 
of flow 1s tripled it in 
creases 729 times 
River Bed Erosion Vav 
er bed erosion 1s mani 
fested where the flow 1s 
Fig 42 A waterfall erodes the sufficiently fast to allow 
hed ofa river suspended materials to he 
transported if is particu 
larly intense where eddyimg currents prevail (Fig 41) 
For example near waterfalls and rapids the whirlpools 
In flvers carve out giant pot holes (hig 42) The hard 
material carried by water, especially coarse sand and pebble 
is the main factor furthering the deepening and furrowing 
activity of water Clear water even if it flows rapidly can 


not leave any noticeable trace on the surface of bard rocks 
iho rate and mag- 


nitude of erosion de 
pend on the compo 
sition of the rocks of a +t 
which the banks con a 
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sist Banks consisting =— : 
of loose rock such as a 
sands, loam clay and Ee TN 
Coarse pravel with un en ee a 
cemented grains (peb Lt -1—l1— = 
pies and boulders) are é 

eroded very rapidly ==== 

(Fig 43) Water cats Qs | po 
away the foot of banks SO 

particle by particle 

making a deepproove ‘1g 48 Cross section of a river valley 
wit the result I—hard rock atrata #—asoft rock etrata J--se 


diments carrled by the river 
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that the overlying beds lose thar support and big 
fragments collapse into the water, Which erodes and carries 
them away 

Banks consisting of sindslone ¢chist lymestone franite 
and other hard rochs resist erosion better Where rocks 
are hard the work of the waiter slows down considerably 
but in spite of thas rivcrs cut into them inch by inch form 
ING enormous canyons 

fateral Lrosion A ruver crodes its hed in a vertical 
directron as long as its force 1s great enough to enable st 
to remove all demolished materi! from the original bed 
When 1 river loses its force it begins to deposit the material 
transported by rt and erosion of the bed cea cs 

During floods a river crodes its banJs thus sted: 
ly widening itsvalley This is notrecable particulirly when 
a river overflows its banhe 

A rivers highest water lcvel 1s known 48 rts flood or 
high water Jevel (the lowest water level) in a river 1s called 
the low or normal water level) During high waiter a river s 
level occasionally rises as much as several metres For 
instance in the Volga in the vicinity of the Zlugul: Hills 
flood waters rise 1415 metres above the normal water 
level In the Moskva River flood waters hase often over 
flown the banks in the low lying districts of Mo cow and 
this made it necessary to build high embankments During 
floods + river reccives from 30 to 100 times more water 
than usual In e¢ountrics with 1 more uniform elimate the 
quantity of water in rivers during floods 1s two or three 
times greater than during the low Water season while in 
countries with a wet winter mirhed by abundant snow or 
ram the quantity of water increases 5 29 fold and some 
times even more than that 

One can often see how turbulent streams of Spring water 
erode banks over a distance of several hilometres and cover 
several metres of the forebank 

Through lateral croston rivers often carve twisting chan 
nels for themselves attacking now one and now the other 
bank A river may swerve from its origimal course and 
for various reasons stirt developing a bend In small 
streams such an accidental cause may be for example a4 
sunken tree around which transported materral accumu 
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lates, forcing thowater 


to flow closer to the : 

opposite bank In ) S) O 
large rivers a devia 

tion may he caused 

by a landshde f . \ 


A rivet 5 course 15 
frequently ch inged by 
is tributaries, which Fis 4% \ meander and the formation 
evacuate material to 
their mouths and form 
alluvial fans in the shape of a peninsula orisiand bctwecn 
which they flow and branch aut [f this material is abundant 
and the flood water cannot scuur it the river turns toward 
the opposite bank eroding it and thereby forming a bend 
The bends 1n a river channel gradually become sharper 
because the velocity of the water and therefore, 1ts eroding 
activity are always higher near the ecooped out bank 
along which the channelis the deepest the material carried 
by a river 1s deposited forming alluvium (Fig 44 45) along 
the protruding bank where the current is slower The 
eroded bank slowly retreats and forms a loop 

Eroding each bank in tum the river gradually widens 
its valley and the region of lateral erosion can therefore 
also be called a valley widening region 

During low water a river flowing in some definite direc 
tion and eroding its concay¢c bank more than the other 
builds up (on the convex bank) an embankment consisting 
of the material transported by it This embankinent subse 
quentl, determines the river s course Ii during the next 
flood the river is unable to destroy the previous year s 
drifts 11 will be forced to find a new channel and con 
sequently change its course The river may break through 
to a new channel by way of a bend the remains of an old 
channel which in low water have the shape of elongated 
Crescent shaped lakes Lnown as oxbow lahes may as 
a result by seen in a river valley During floods they mav 
unite with the river s main channel 

During low water a river 5 chaune! 1s much narrower than 
iis valley In times of flood water overflows the channel 
and inundates the entire valley from one Slope to the other 
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Tho flooded areas of a valley are entled flood plains 
Ono of the reasons a river deviates from its original 
course 18 the formation of atural lerecs They are formed 
When a river bursts its banks and overflows a gras and 
Shrub overgrawn Nood pliun the flow stons down and 
the transported mineral load is deposited along the margin 





Fi, aa Meanders of the Kuma River near Miner ilniye 4 ody 


of the channel where it forms large «embankments The 
sand and silt mdges buslt by the water grow with each 
flood Before a flood the water level in a channel protected 
by embankments 1s higher than tle general level of the 
flood plain and oxbow lakes As the watcr rises during a 
flood it tends to flow over the embinkments at the lowest 
point of the flood plain and develop a new channel or 
return to the old one The natural levce 1s eroded at the 
points where the water flows over it 

Adluziail Process The work that a river does in deposit 
ing sediments 1s called the alluvial process while the 
deposited sediment 1s called alluvium According to 
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E V Shantser the alluvium ina river valley can be divided 
into three categories channel, flood plain and lake Flood 
piain alluvium everywhere overlies channel alluvium, 
because the latter covers the entire bed of the valley as a 
result of the displacement of the channel downstream (due 
to the absence of a concave bank~meanders) The allu 
vium dcposited by rivers with a different rate of flow and 
eroding different rocks will obviously be different The 
alluvium of some rivers consists of coarse waste and of 
othem—of fine sand clay or silt Sediment of different 
size may be transported and deposited even im Various 
.ections of the same river or at different times of the river $ 
existence During fioods when the force of the water 18 
high ariver transports coarse waste When a flood sub- 
sides the river begins to deposit the maternal 1t carries in 
suspension During the low waler period therefore a 
river 1s nearly transparent in contrast to the time of spring 
floods when the water 1s very turbid 

During a flood the quantity of material carried by a 
river greatly increases For example when the Hwang Ho 
in China overflows its banks it carries 400 times more scdi- 
ment than during the low watcr period In the course of 
four rainy months the Ganges in India empties into the 
indian Ocean 24 times more sediment than during the otber 
eight months of the year A part of this material floats im 
the Water :e it 18 carried in suspension the rcmainder 
is Tolled along the river bed (drawn drift} When the water- 
level drops a river first deposits the drawn drift and then 
pradually the material carried in suspension This accounts 
for the sorting out of the deposited materials which depends 
on the changes in the water level and on a deceleration 
of the rate of flow Insofar as the separate streams im a 
river move irregularly forming whirlpools and flowing 
from one bank to another the alluvium is bedded haphaz- 
ardly In profile an alluvial cone ss usually stratrfied 
unevenly {Fig 46) 

When the alluvial process 1s exammed it should be 
borse in mand that the mechanical composition of the alfu- 
vium deposited by mountain streams differs from that of 
the alluvium laid down by flat land myers As a rule the 
latter catry small particles of sijt and sand mountain 
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rivers whose geadicnt 1s ver} atecp at a definite stage of 
the formation of valleys traneport privel and pebbles in 
addition to silt and sand, and during Moods they sometimes 
bring down rochs with a diameter of more than a metre 
As they ave rolled along the bed of a river these rochs rub 
agaist cach other are ground and polished acquire an 





Fig 465 Oblique stratifeation of alluyium 


ellipsoidal or spherical shape and are gradually worn down 
ta pebble and then to sand Thus even big mountain rivers 
laying down coarse material mn their upper reaches gradual] 
bepin to deposit ever finer grains Particles of clay and silt 
are sometimes transported as far as the point where a river 
discharges 1t8 waters into a lake or sea 

Coarse waste may also be deposited in the lower reaches 
of a river For example during the spring ice dmft ice 
flocs may carry stones far downstream and deposit them 
where normally only silt and sand are deposited 

Rivers carry enormous quantities of sediment to the sea 
The Amu Darya for evample carries 44 854000 cubic 
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metres of sediment a year to the Aral Sea the Hwang Ho 
in China transports nearly 900000 000 cubic metres of 
sediment a year Even the Rion River with its relatively 
clear water carmes 8,000,000 cubic metres of sediment a 
year to the Black Sea 

Besides solid rock exposures, into which their valleys 
are cut, there are deposits of sediment—boulders, pebbles 
sand—in the channels of even swift mountain streams But 
this material only lies in the channels until the annual 
spring flood when all or a part of it 1s transported to a 
new place In the area where a valley widens out lateralls 
the material borne by the river 1s deposited on the valley 
floor usually near a bulging bank 

The principal area where sediment is deposited is 1n 
the lower section of a valley where the gradient 1s gentler, 
the current slow and the river 1s unable to erode its banks 
except during floods Most of the fine material Is depos 
ited here since the coarser material (grave! pebbles) 
had already been deposited in the middle and upper reaches 
of the river Rivers which do nut unload sediment im 
their lower reaches carry 1t to the sea or lake and form a 
delta (Fig 47) A delta is a land area at the mouth of a 
Tiver wrested from the sea and consisting of alluvium It 
usually has the shape of a triangle with the apex directed 
upstream In its delta a mver often branches out separat 
ing into numerous twisting channels that change their 
position during a flood When a delta 1s inundated the 
level of the deposits in it gradually rises as new alluvium 
settles Ruvers like the Volga the Neva (:n whose delta 
Leningrad 1s situated} the Lena, the Danube and the 
Nile have very large deltas Some rivers have dry deltas 
with an arca of hundreds of square hilometres for instance 
the Sohh the Murghab and the Zerayshan These rivers 
deposit clastic material as they leave mountains ‘The 
deltas of these myers consist of well rounded but coarse 
clastic material near mountains and of fine material along 
the edges 

Many of the rivers emptying into seas and oceans have 
no deltas The river mouths located in the area of high 
tides as well as in the zone where the sea coast 18 gradual 
ly sinking have the shape of a narrow bay cutting deep 
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inland Such a bay is called an cstuary or liman The Dnie 
per the Ob the Bug Un Seine the Congo and the Ama 
zon for example have estuaricg 

Stages of River Derelopment From the «source to the 
mouth the curse of a river bed (longitudinal profile} 
which is steep in the upper reaches, gradually Mottens 





Fig 17 Delta of tha Yolga [iver 


out as itis eroded by the flowing water and tends to become 
the extreme base level of erosion or the profile of equilib 
rium between crosion and accumulation 1n the river salley 

Inits course a river often encounters rocks of unequal 
hardne s The harder rocks resist eroston better and rapids 
and waterfalls appear where they arc exposed to the water 
(Fig 48) Each of these rapids and waterfalls ts a local 
base Ievel of erosion all sections of the river above this 
rift rapid or waterfall build up their profile with respect 
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to this new base Ievel, 
while the river 8 main base 
level is in its lower course 
near the mouth The same 
picture 18 observed when 
a river is artificially 
dammed 

After it has worked out 
its own profile of equilib 
rium it ¢ccases to deepen 
its channel hed erosion 
in the upper reaches gives 
place to lateral erosion, 
and the shape of the valley 
changes from a V toa W/ 

In the course of a river s 
activity ats valley may 
become very wide and filled 
entirely with alluvium In 
this period the flow loses 
its force and bed erosion 
ceases 

There are three stages in 
the development of a river 


the youthful stage when bed erosion prevails the mature 
Stage, when lateral erosion develops intensively and 
lastly the old stage when erosion stops Very often scpa 
Tate sections of a river are in different stages of development 
intensive erosion may be proceeding in the upper reaches at 
a time when at its mouth a river is already approaching 
the old stage 

A Tiver drainage system with the accompanying changes 
in the relief of the basin occupied by this system may take 
many thousands of years to develop As long as the river 
valleys are narrow and the spaces between them (inter 
iluves) wide the level of the greater part of the interfluves 
is higher than that of the river valleys This is called the 
youthful relief stage As development procceds the inter 
ee eTow narrower and the valleys become wider the 
Yenet enters ihe m st s Ww ail interfluves 
are cut off and THs FARE EEN 
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Fig 48 Mountain ywaterfall 





the whole region shifts, as it were to a lower level, to the 
level of the river valleys this 1s the old stage of the reltef 
Becau e of the very small surface gradients and the abun 
dance of alluvial deposits water erosion comes almost 
to a Standstill in this period river activity ceases and 
the region becomes almost a plain or peneplain 

These successive stages of relief are called the geogra 
phical cycle To accomplish 1t a long period of geological 
time IS required 1n the course of which the action of running 
water must not be disturbed by any local uplifts or subs: 
dences of the Earth scrust This :deal development ts rare 
The changes in the Earth s crust usually lead to changes 
in the gradients of various areas and in the flow regime of 
rivers 

In the course of a drainage system s development some 
stages may be either acceltrated or interrupted In the first 
case the drainage system begins to grow old prematurcly 
In the sccond the drainage system 18 rejuvenated and 
the river begins to deepen its channel and widen the 
valley Those changes may be caused either by secular oseilla 
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tions of the Larth scrust or by substantial climatic fluctua 
tions 

if at a definite stage of a river systems development 
the base level of erosion gradually rises the river erosion 
eurve will flatten out and, consequently the force of the 
river wilk decrease This leads to semility On the other 
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Fig v9 Cross section of river terraces 


hand if the base level of erosion drops the region will 
begin a new geographical cycle the erosion curve will 
become steeper and cutting into the flood plain the river 
may begin actively to erode the alluvium 1t had previously 
deposited sf terrace overhanging the flord plain thus begins 
to grow in place of a terrace that had been im the flood- 
plain The same will happen if the source area rises 
Similarly af precipitation imereases in a river basin 
the quantity of water in the fiver will also increase 1s 
force will became greater and erosion will intensify A s\s- 
tem of bench like terraces stretching along the channel 
forms on both banks of a river 1f the base level repeated]; 
drops and the area contuning the upper reaches rises 
(fips 4951) Terraces may consist of alluvium or of bed 
tockhs They are called rock or erosion terraces Mixed ter 
races can also appear Alluvial terraces form when a river 
does not erode all the sediments 1t has deposited, mixed 
letraccs arise When a riser erodes all the alluvium jin 
ifs_ bed and gocs on to erode the baste channel Prosion 
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terraces only appear in the carly stages of a river s develop 
ment and ara clongated fedges on the native slopes of 
valleys 

A study of terraces will clarify the history of the devel- 
opment of river valleys and of Jand eroded by rivers 

Flat country rsvers usually have two or four terraces 
overhanging the flood plain Mountain rivers as a rule 
have as many a8 18-30 terraces which rise above each other 
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Fig ot Diagram showing the arrangement of sediments on terraces 


f—sddimenta of a 41e shed (elu dum} 2—sedi nents on slopes (delouvium) 
e—tedlments on a terrace ( [Jusium) 
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at intervals of tens and sometimcs of hundreds of metres 
Because mountain slopes are very steep, the rivers coming 
down these slopes have a steeply dipping erosion curve 
and tremendous fore. The current in Mountain streams 
is extremely turbulent and its destructive force is very 
reat 
: The streams rising in highlands usually have waterfalls 
and carve out deep canyons (Fig 52) Above a waterfall a 
river usually flows between Iow banks and below it in deep 
eanyons Tributaries that join a river in its Jower stream 
Iikuwise flow in deep and narrow forges 

Waterfalls are cross ledges of hard rock m the channel 
of ariver There are many of them in mountain streams in 
the Caucasus Altar and Central Asta Very fiw occur in 
large flat country rivers The biggest waterfalls include 
Niagara Falls in North America (50 metres high) and the 
Victoria Falls on the Zambezi River in South Africa (133 me 
tres high and nearly { GOO metres wide) The erosive force 
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of fallmmg water 1s very great and that 1s why deep pits 
(pot holes) are formed at the foot of a falls and the ledge 
from Which the water drops 1s undermined with the result 
that the overhanging rock collapses and the waterfall itself 
is forced to retreat upstream (Niagara Fails, for instance 
recedes upstream at an annual rate of 0915 metres) 
Below a waterfall the river flows through a deep canyon 

Besides waterfalls rivers have rapids, which are large 
boulders or outcrops of hard bedroch covered by water onlv 
during floods 

Torrents In mountain regions especially where the 
climate is very dry and hot small rivers and streams that 
ate usually dry or have very little water may turn into 
povetiul streams after heavy torrential raim and cause 
enormous damage Water pours down the steep mountaim 
slopes at a great speed tearing away rock fragments and 
layers of loose soil 

Semi melted jelly like masses of snow and ice mixed 
with mud fall from a great height slide along slopes rolling 
in front of them small crushed stones Water snow mud and 
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Fi, 52 Canyon along the Terek River 
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Fig od Debris cone from a mountain valley It has theform ofa ter 
race truncated by a river 
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Fie 54 Sediments brouctt by a mul and stone stream 


sand mix together into a continuous dark sticky mass 
carrying spinning stones and boulders In this vast moving 
jumble huge blochs of stone buffet each other and collide 
with enormous force The air is rent by a thunderous 
roar which comes from the mountains as a danger 
warning 

The destructive action of atmospheric water often leads 
to termble disasters These sudden mud laden violent 
streams caused by heavy rain or by melting snow 1n highland 
regions are called tarrents 

Torrents carry to the mouth of their valleys enormous 
quantities of poorly rounded unsorted and unstratified rock 
waste called proluzium The deposits laid down by a swift- 
flowing stream form huge aliuzial fans frequently called 
dry deltas (Figs 53 54) The erties of Alma Ata Andijan 
and Kokand in Central Asta and several towns im the Cau 
Casus are situated on alluvial fans 

Mud laden torrents are combated by planting trees on 
the slopes of river valleys building dams and so on 


GEGLOGICAL ACTION OF UNDERGROUND WATERS 


Rocks and Their Retation to Water The rocks of which 
the Earth s crust consists are not completely solid Each 
contains pores and cavities which act as receptacles for 
Moisture called underground water to distinguish it from 
Surface water The pores and cavities intercommunicate so 
that if there 1s a gradient or hydrostatic head the water can 
Move in the rock from one cavity or pore to another 

No two types of rock have the same capacity to let water 
through their pores Some for example pebbles gravel 
sand fissured granites and cavernous limestone have large 
pores and let water through quite easily while others— 
Clay unfissured marl unftssured crystalline schists and 
yaline rocks to name a iew—have fine pores (micropores) 
and are almost impermeable to water 

A rock s ability to absorb water 1s called its permeg 
buity According to their permeability all rocks are classi 
fied as a) permeable rochs b) semi permeable rocks or 
v} water tight or water resisting rocks 
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All pephitic uncemented sedimentary rocks such aos 
pebbles pra’ el and sand as well as strongly fissured rocks 
belong to the permeable group Argillaceous sand Iocss 
peat ond fissured marl can be considered as emi permeable 
rocks All hard unfissured crystalline rocks and also clay 
a clistic uncemented rock, belong to the water resisting 
rroup 

Another important property of rocks 1s their ability to 
retarn water 

This property called mer:sture capacity 1s due to the 
capillary and hygro copie structure of rechs according to 
which they can be divided into the following three categories 

1 Rocks with a high moisture capacity (peat clay loam) 

2 [techs with a low moisture capacity (marl Jocss 
argillaccous sandstone argillaccous sand) 

3 Rocks with no moisture capresty (igneous and solid 
sedimentary rochs including fissured and loose fragmental 
rocks such as gravel and pebbles} 

A rock s motsture capacity depends on the size of the 
pores and cavitics between its particles The finer the pores 
the greater 15 1t5 moisture cipacily and the lower its permea 
bility The explaination for this is that the surface tension 
films forming inthe eapillary pores when a rock 1s saturated 
with water imprison the water porticls already in the pores 
and at the same time present other water particles from 
penetrating through the ruck to the underlying strata 

As an ulustration here are two examples 

The voids between the pebbles in loo ¢ cobble round 

tone can hold a relatively large quantity of water but 
boean oe of the frce drainage alto t afl of it with the ex 
ception of a «mall quantity that morstcons the urface of 
the pebble runs off into the underlying strata That is why 

hingle and other permeable rocks have a high water y1eld 

A diametrically drffirent picture 14 ol creed tn clay 
when its capitiary pores are aturated aith water Dry clay 
with its hich capillary poro ity dup to CO per ecat) ab orbs 
water ramidly and when itas saturated becomes impo rine 
alle Becaue of the colle alo re astance offerrd te moving 
water by the urface ten ten films that fo em on the bour 
dari of the clayey tratum in the capillary pores That 
\eiplaics the low water sield of clay 
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Clay's high capillarity 1s due to the umbricated struc 
ture of its particles by virtue of which the pores between 
these particles are shit shaped This reduces the cross sec 
tion of the pores and increases the area of contact with water 

The following gives an idea of how great the moisture 
capacity of clay is it ranges from 40 to as high as 70 per 
cent which means that a cubic metre of clay can absorb 
and retain Q204 cubic metre of water and sometimes 
even as much as 0 7 cubic metre 

Origin of Ground Waters Ground waters onginate in 
various ways One 1s through the percolation (infiltration) 
of rain or melting snow into the ground Ground waters 
may also accumulate through seepage from natural (lakes 
rivers) or artificial (canals storage lakes) bodies 

In some areas however the presence of ground waters 
ts not due to percolation For example ground water occurs 
ala depth of several metres and sometimes several scores 
of metres in deserts which have no preeipitation throughout 
the summer and where evaporation 18 very high More 
often than not this water contains large quantities of miner 
als and 1s not suitable for drinking Barkhans frequently 
contain small quantities of fresh water It 1s belicved that 
this fresh water owes its omgin to the condensation of 
vaporous moisture some of which 1s always present in the 
atmosphere and in the air of the sol 

Air can hold only a definite quantity of moisture This 
quanlity depends on the temperature The higher the tem 
perature of the air the greatir 1s the quantity of vaporous 
moisture it can absorb At O° C a fully saturated cubic 
metre of air contains up to 4 5 grams of vaporous moisture 
at 15 C it contains up to 127 grams and at 35 C up to 
403 grams Usually air is somewhat undersaturated at 
30 C desert air contains not more than half the normal 
403 grams of vaporous moisture In other words under 
Saturation in deserts amounts to 20 grams 1 ec the air hag 
a relative humidity of 40 50 per cent On the other hand, 
because of the sharp difference betwecn day and nipht 
temperatuns desert arr is oversaturated at night This 
surplus moisture 18 hberated in the form of dew that 
settles on the ground dampening and frequently, penctrat 

Ing it Some waiet Whith Suturates the soil anc recharges 
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the ground waters is thus trleased as the aft coals during 
the night Tn deserts ther forr ground Water originate 
throty ho cetufer athen of the Saporeuea ere ietute in the alt 
Con quentls e¢ oncdenertion ts another «uree cf eub ueface 
waitcts 

Veleanic eruptions an frequently aecompinted by the 
ejection of water tagaue This ta cisern cientj[«t4 fround¢ 
for eurmising that in additden to sarious gatee (he molten 
macs (myinn) in the Tarth contain walter sapotr Tt 
has been suggested that becau o of theit high temperature 
(hundreds of degrees) cnc rmotus gre oure anid saturation 
with paces the hot sapours in the Earth rapidly di< olve 
minctal eubstances: They cite towards the upper dager 
of the Parth s erust di c«olving mineral substances on the 
way Unoon reaching the cooler repion of the Earth « crust 
thist sapours turn to hot git satueated wattr This water 
cools as it moves fowards the surfoce whete quite often il 
is still sery hot and contains a large quantity of mineral 
napurities This te callad magmatic or youns water Ground 
WatiMs an to some extent recharsed through the dehy 
dration of the water bearing mincrals in the Earth # crust 
Gypsum [CadOQ, 25.0} for example contains 2f per cent of 
water This water is liberated when the gyp um enter 
the metamorphic zone and turns into anhydrite Mirabiltte 
[Na SO, 10H,0) contains 56 per cent water Jy is Jibcrated 
when mirabilite i¢ dehydrated 

Dipending upon naturat condttions the underground 
waters in the differcnt regions owe their orstin to one or 
several of tho abovo factors 

In practice however the Water in csen the deepest 
(two or three halometres) artificial pats originated mrunly 
through infiltration The quantrly of young water and alo 
water from condensition and dehydration ts oevidentls 
very inconsidcrable 

Infiltration and condensation watcrs are very closely 
relatcd to the motsture in the atmosphere and hydrosphere 
Those waters retate constantly in one and the same cycle 
As the water of oceans ‘cas and other re ervotrs evapo 
rates it charges clouds where it condenses and then fall 
in the form of rain or snow On the ground where 1t forms 
streams and rivers fed by rain and melted snow and ice 
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this water Mows to reservoirs The water lost by reservoirs 
is thus continuously restored, 1e 1t goes through a def 
nite cycle Some of the water falling on the Earth s surface 
evaporates, while another portion infiltrates into the 
ground, where through subterrancan channels 1t hhewise 
flows to reservoirs The latter portion of ground water 
represents the subterranean branch of the general drainage 
of atmospheric precipitation and is called tadose water to 
distinguish 3 from young water which 1s of magmatic 
origin 

In some regions, owing to the climate 75 80 per cent 
of the annual precipitation 1s expended on the formation of 
surface and ground waters while in other regions the same 
amount 18 consumed by evaporation 

Given the same or approximately the same climatic 
conditions the quantity of water absorbed through infil 
tration varies from 10 to 30 per cent on different soils with 
different gradients and vegetation 

Moreover the quantity of rain and snow water that in 
hitrates into the ground depends on the permeability of 
the soil the type of vegetation the topography, the con 
ditions under which rain and snow fall and under which 
snow melts the position of the gradients and the season 
In the mountain valleys of Central Asia for example up 
to 40 45 per cent of the spring and autumn precipitation 
infiltrates into the ground most of the winter precipitation 
feeds the surface run off, and the summer precipitation 
evaporates 

Classification of Ground Waters The conditions un 
der which ground waters occur in the Farth s crust and the 
quality of these waters are extraordinarily varied They 
are therefore classified by the conditions under which they 
occur and by their quality Let us examine ground waters 
as cla sified by the conditions under which they occur 

The principal classifications are a) soil waters, b) sub 
soil waters and c) middle or interstratal waters 

oul waters oceur at the Larth s surface They are m- 

Muenced by the seasonal changes of climate in summer they 
are heated with the result that they evaporite intensively 


in the rainy sea on they Saturate the soil turning it into 
mud and in winter they freeze 
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Heath them they have what fs 
called a water measting bed con } tums oof almo t impr 
meable rocks Most frequently the « arecliys clay like rocks 
monolithic Jimestones «chettaand other rocks (him 20} 

Thus in contrast to soll watert an indication of «ubsoll 
waters is that they bave a water custing bed bent wth them 
Heoeauto of the mure ar lee thick layer ef wetertss rok 
sepiriting from them the f aeth «surface thi e water do 
not have such a big amplitade of temperature changes as 
soil waters Where subsoil waters occur atadepthof ¢veral 
metres (with the exception of the permafrost zonc) thes 
never freeze and their tamperaturn does not haw any 
considerable drop oon the other hand they are not heatid 
so much in summer at soil waters That 1s why subsoil 
waters sccm to be cool in summer and warm in winter 

These waters diff_e greatly in quality as well Some 
rocks contain scary fitth oluble substaneca and the water 
in them is fresh and soft (the water in arcnaccous deposits 
for axample) On the other extreme he sul oil waters are 
hard and brachish and tn desert hie 4 are fri quintly sity 
Brines froin which common salt ss produced form where 
fround waters percolato through rochs contamming a large 
quantity of halete and other casily oluble sills 

The surfaco of subsoil watcrs 14 callud the water table 
The depth at which this water table orcurs ringes (rom 
0 to 20 metres and over depending on thy depth of the 
water resisting layer and the thickness of tho water satu 
rated (water bearing) bed 
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As we move from north to south we shall find a certain 
irregularity im the depth at which subsoil waters occur 
For example in regions with excessive humidity these 
waters lie very close to the surface there is an abundance 
of subsoil waters in these regions and 1t 1s iresh and contains 
a large quantity of organic substances Farther south the 
depth at which subsoil waters occur increases together 
with the mineral content in them 

Subsoil waters are observed in the alluvial deposits of 
Tiver valleys In these valleys they are undoubtedly fed by 
river water in addition to precipitation and the inflow of 
subsoil water from the slopes The quantity of these subsoil 
walers depends on the thichness and composition of the 
alluvial deposits There 1s generally very I:ttle subsoil 
Water im the clay rich alluvial deposits of small rivers 
In the valleys of the Volga the Dmteper and other big rivers 
the alluvium 1s several tens of metres thich and consists 
of arenaceous deposits under these conditions there 1s 
an abundance of subsoil water This abundance 18 linked 
up with ancient glacial valleys consisting largely of quartz 
Sand and embracing vast expanses Onc of these 15 the valley 
of the Yauza a tributary of the Moskva River The ancient 
alluvial deposits of this river have for decades been yield 
ing nearly 4 000 000 buchets of fresh water a day for Mos 
Cow 

The subsoil water level varies considerably and 1s governed 

y atmospheric conditions the precipitalion regime the 
Surface run off regime the vegetation, and other factors 

Water lying close to the surface 1s exposed to pollution 

ubsail waters have no hydrostatic head with the result 
that when they arc tapped they usually remain at their 
original denth 

nu surface contour of subsoil waters reproduces a 
smoothed variant of the Earth s surface relief and therefore 
Where the water table slopes they form a stream In rare 
Cases usually where the water resisting bed subsides there 
are sections with stagnant water these sections are called 
subsoil water basins 

Subsail water emerges to the surface in the form of gravity 
springs where the water bearing bed 1s imtersected by a 
valley or truncated by the shore of asea or lake The surface 
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of the underground flow descends gradually in the direction 
of the discharge and forms a depression surface 

This surface may be inclined towards or away from the 
basin (Fig 56} In the first case the surface waters are fed 
by the ground waters and tn the second—the ground waters 
are [ed by the surface waters 
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Fig 56 Depression surface 
a) river fed by ground waters Lb) river fed ground watere 


The relation between the Jevel of sub o1] water and that 
of the rivers mainly depends on the climate In a humid 
and temperate climate the rivers are fed by subsoil waters 
while in regions with a dry climate the reverse 1s observed 
3e the ubsoil waters are fed by rivers It must be noted 
that man greatly influences the relation betwecn the level 
of subsoil and of surface waters 

The difference between middle (:nterstratal) waters and 
subsoil waters 1s that they have a water resisting reof (con 
fining bed) above them This prevents the surface waters 
(rain snow and river water) from infiltrating down to the 
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level of the middle waters (Fig 57) Gonsequently, in 
contrast to ground waters ‘hose alimentation region 1s 
usually located near by the alimentation region of middle 
Waters may sometimes be hundreds of hilomctres away 

Jnterstratal aguiiers may be tapped im a river valley 
or a deep ravine where water will ilow im Separate Jets 
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Kyo ui Diagram of artesian waters 
j-~-nater resisting bed #~-uater bearlog bed 






(springs) or in a continuous stream (Fur o3) Here the 
underground water flows from the alimentation region to 
the river ialley along the inclmed surface of ts water~ 
resisting bed this 18 called descending water In se far as 
tos farther from the Earth s surface than ground water 


ts lemperature is more constant than the latter s Jn wells 
reaching down to this 


water the annual tem 
perature does nat fluc 
tuate more than 
22C The quality of 
Interstrata) descend 
lng Water depends on 
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mulates init filling it upto the levclof the confining bed and 
asaresult developsa hydrostatic head The magnitude of the 
head depends on how much bigger the alimentation region 
of an aquifer is than the discharge arca of the intcrstratal 








Fig vo A pushing artesian well 


water Ifawellcutsthrough the confining bed and reaches 
the interstratal water the water in this well wall rise as 
far as the hydrostatic head permits Where the surface 
topography 1s favourable the water wall rise to the surface 
or cven gush out 

An arte 1an* well (Fig 59) 1s one where water ri cs by 


* brom Artesium (Artois) a region in the north of France where 
bead waters were studied in detatl for the first time 
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hydrostatic pre sure and an interstratal water level with 
a head is called an artesian water bearing bed A down 
varped stratification 18 the most favourable for the forma 
tion of artesinn waters 
The alimentation and propagation areas of mterstratal 
waters form artesian basins There are many of these basins 
in the European part of the USS R_ the most developed 
being the Moscow Dmieper Don and Blach Sea basins 
Many industrial and communal enterprises use artesian 
water which, coming from deep levels 15 free from bacteria 
and other organic pollution 
A characteristic feature 1s that im all artesian basins 
deep seated aquifers contain the saJtiest water For example, 
neat Moscow water bearing beds in carboniferous deposits 
at a depth of 300 metres yield fresh artesian water Beds 
lying in Devonian deposits at a depth of 500 600 metres 
yield brachish water which 1s sometimes used as mineral 
water and beds occurring at a depth of 1,000 metres yield 
brine With a common salt content of 275 grams a 
lire 
A number of factors govern the mineral content of under 
ground waters and the change of this content with depth 
The first is that in 11s pith water encounters various more or 
less easily soluble mineral masses the second is that the 
water s ability to dissolve minerals depends on the tem 
perature the pre sure and also the content of gases and 
salts in if For example a litre of water containing no 
carbon dioxide can dissolve only a tenth of a gram of calcite 
if this same quantity of water 1s saturated with carbon 
dioxide it will dis olve a two or three times larger quantity 
of calcite Water saturated with carbon dioxide can there 
fore di solve quite a large quantity of limestone 15 1t per 
colates through ths roch However some of the caleite 
dissolved in Water will be precipitated if the carbon dioxide 
evaporates 
Hot Mineral Springs Aswe have already pointed out 
the fompersture of underground waters depends on how 
deep they lie The temperature of ground watcrs occurring 
close to the Earth s surface undergoes *caconal changes 


The temperature of deen seitced waters is morte at less 
constant 
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Water with a temperature of up to 20° C 1s called cold 
of from 20 to 42° C warm and of over 42 C hot 

Hot waters rise to the Earth s surface from great depths 
and most frequently occur near volcanic foci (active or 
extinct) Geysers hot springs which at regular or irregular 
intervals throw a jet of hot water and steam into the air 
are linked up with volcanic foc 

However the high temperature of a spring 13 not alwiys 
evidence of its association with magmatic chambers Waters 
of surface origin that reach deep levels and then rise to 
the surface again are frequently heated by the general 
increase of temperature with depth 

The temperature of hot springs 1s constant and does not 
depend on the season But this temperature 1s not uniform 
at Goryachevodsk in the Caucasus the temperature of the 
hot springs is from 44 to 80 C at Pyatigorsk from 27 to 
91° C at Zheleznovodsh 44 C and of the Arasan Spring 
in the Angren Basin (Tren Shan) 395 C 

The depth of a spring opening can be caleulated by the 
geothermal gradient Springs in which the water has a 
temperature of 80 C for example should rise from a 
depth of at least 3500 metres The original temperature 
af this witer would probably be aver 100 C because as 
water rises to the surface 1t loses part of its heat to the 
cooler rocks around it 

If mineralised water 1s evaporated in a porcelain cup 
tt will leave a dense residue It 1s usually dmed at a tem 
perature of 105 11@ C and expressed in grams or milligrams 
of dense or dry residue per litre of water 

Vernidshy suggested grouping waters as follows accord 
ing to their degree of mineralisation fresh water—up to 
afgram of den e residue per J:tre saline water—1 50 grams 
per litre and brine—over 50 grams per litre Fresh water 
is subdivided into hard (0 25-1 gram of den e residue per 
litre) and oft (lt > than 0 25 gram of den e residue per litre) 
Water 

Ground Waters inthe Perttafrast Zon In perpetu 
ally frozen ground the temperature has been negative over 
a sustained period of many decades Permafrost occurs m 
regions with a ubzero mean annual temperature and 15 
due to the fact that the bed rocks bencath it freeze in winter 
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and, with the exception of the upper part called the active 
layer, do not thaw out im summer 

The occurrence of ground waters in the permatrost zone 
depends not so much on the composition of the rocks as on 
the degree to which these rocks are frozen permafrost 
layers are impermeable and this feads to a unique circula 
tion of ground waters 

N Tolstikhin has subdivided the ground waters of the 
permafrost zone into the following three categories 1) super 
permafrost, 2) interpermafrost and 3) infrapermafrost 

Superpermafrost waters which are confined to the active 
layer can be regarded as ground waters They are re 
charged by precipitation, percolation of surface water 
and subfeeding from the deeper aquifers 

These waters depend on seasonal freeving and melting 
rheir mineral content is low but they contain a large quan 
tity of organic material They cannot be recommended for 
drinking because organic substances decompose in them 

Duperpermafrost waters expand when they freeze and the 
resullant tremendous pressure forces compliant ground to 
bulge and form hydrolaccolith contaiming hummockhs When 
theses hummockhs burst part of the water in them pours 
out and forms bodies of ice This deformation of the ground 
has to be taken into account during building 

Interpermafrost and infrapermafrost waters do not freeze, 
this being due to the excellent permeability of the rocks 
the discharge of thermal water from lower lying levels 
and their location beneath rivers and lakes These waters 
have an unchanging regime and are pure and this makes 
them important as a source of supply for the Ussum and 
Transbaikal railways 

Movement of Ground Waters Ground waters generally 
move many times slower than surface waters, averaging 
O51 metre a day 

heir rate of advance depends on the size of the pores in 
rocks (the rate of movement 1s faster through rocks with 
large pores) the hydraulic gradient of the carrier rocks 
the distance they travel and the temperature which go\ 
erns their viscosity In poorly permeable rocks water 
tahes months to travel a distance of a few hundred metres 
This explaims why dry years affect the discharge of springs 
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Water with a temperature of up to 20° C 1s called cold 
of from 20 to 42° C warm and of over 42 C hot 

Hot waters rise to the Earth s surface from great depths 
and most frequently occur near volcanic foci {active or 
extinct) Geysers hot springs which at regular or irregular 
intervals throw a jet of hot water and steam into the alr 
are linked up with voleame foc 

However the high temperature of a spring 1s not always 
evidence of its association with magmatic chambers Waters 
of surface origin that reach deep levels and then rise to 
the surface again aro frequently heated by the general 
increase of temperature with depth 

The temperature of hot springs 1s constant and does not 
depend on the season But this temperature is not uniform 
at Goryachevodsh in the Crucasus the temperature of the 
hot springs :5 from 44 to 80° C at Pyatigorsh fram 27 to 
ol C at “Zheleznovodsh 44° C and of the Arasan Spring 
in the Angren Basin (Tien Shan) 39 5° C 

The depth of a spring opening can be calculated by the 
geothermal gradient Springs in which the water has a 
temperature of 80 C for example should rise from a 
depth of at least 3500 metres The original temperature 
of this water would probably be over 100° C because as 
water rises to the surface it loses part of its heat to the 
cooler rocls around it 

If mineralised water 1s evaporated in a porcelain cup 
it will leave a dense residue Jt 1s usually dried at a tem 
perature of 100 110° C and expressed 1n grams or milligrams 
of dense or dry residue per Ihtre of water 

Vernadshy suggested grouping waters as follows accord 
ing to their degree of mineralisation fresh water—up to 
a gram of dense residue per litre saline water—1 50 grams 
per litre and brine—over 50 grams per litre Fresh water 
is subdivided into hard (0 25 1 gram of dense residue per 
litre} and soft (less than 0 25 gram of dense residue per litre) 
water 

Ground Waters tn the Permafrost Zon? In perpetu 
ally frozen ground the temperature has been negative over 
a sustained period of many decades Permafrost occurs 10 
regions with a subzero mean annual tem perature and 15 
due to the fact that the bed rocks beneath 1t freeze 1a winter 
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and, with the exception of the upper part called the active 
layer do not thaw out i Summer 

The occurrence of ground waters in the permafrost zone 
depends not so much on the composition of the rocks as on 
the degree to which these rocks are frozen permafrost 
layers are impermeable and this leads to a unique citeula 
tion of ground waters 

N Tolstihhin has subdivided the ground waters of the 
permatrost. zane into the following three Categories 1) Su per 
permafrost 2} interpermafrost and 3) infrapermairost 

Superpermafrost waters which ire confined to the active 
layer can be regarded aS ground waters They are re 
charged by precipitation, percolation of surface water 
and subfeeding from the deeper aquifers 

Thesa waters depend on seasonal freezing and melting 
Their mineral content 1s Jow but they contain a large quan 
tuly of organic material They cannot be recommended for 
drinking because organic substances decompose in them 

Duperpermafrost waters expand when they freeze and the 
resultant tremendous pressure forces compliant ground to 
buige and form hydrolaccolith containing hummocks When 
these hummockhs burst part of the water im them pours 
out and forms bodies of ice This deformation of the ground 
has to be taken into account during building 

Interpermafrost and infrapermafrost waters do not frecze, 
this being due to the excellent permeability of the rocks 
the discharge of thermal water from lower lying levels 
and their location benesth rivers and lakes These waters 
have an unchanging regime and are pure and this makes 
them important as a source of supply for the Ussur: and 
Transbaikal railways 

Movement of Ground Waters Ground waters generally 
move many times slower than surface waters averaging 
Q34 metre a day 

Their rate of advance depends on the size of the pores ip 
facks (the rate of movement 15 faster through rocks with 
large pores) the hydraulic gradient of the carrier rocks 
the distance they travel and the temperature which soy 
erns their viscosity In poorly permeable rocke net 
nukes Months to travel a distance of a few hundred Metres, 

118 explains why dry years affect the discharge af springs 
fo7 


Water with a temperature of up to 20° C 13 called cold 
of from 20 to 42° C warm and of over 42°C hot 

Hot waters rise to the Earth s surface from great depths 
and most frequently occur near volcanic foci (active or 
extinct) Geysers hot springs which at regular or irregular 
mtervals throw a jet of hot watcr and steam into the alr 
are linked up with volcanic [oc 

However the high temperature of a spring 1s not always 
evidence of its assocration with magmatic chambers Waters 
of surface origin that reach deep levels and then rise to 
the surface again are frequently heated by the general 
Increase of temperature with depth 

The temperature of hot springs 1s constant and does not 
depend on the season But this temperature 1s not uniform 
at Goryachevodsh in the Caucasus the temperature of the 
hot springs is from 44 to 80° C at Pyatigorsk from 27 to 
ol° C at Zheleznovodsh 44 C and of the Artsan Spring 
in the Angren Basin (Tien Shan) 395° C 

The depth of a spring opening can be calculated by the 
geothermal gradient Springs in which the water has a 
temperature of 80° C for example should rise from a 
depth of at least 3500 metres The original temperature 
of this water would probably be over 100° C because as 
water rises to the surface it loses part of its heat to the 
cooler rocls around it 

If mineralised water 1s evaporated m a porcelain cup 
it will lease a dense residue I[t 15 usually dmed at a tem 
perature of 105 110°C and expressed in grams or milligrams 
of dense or dry residue per litre of water 

Vernadshy suggested grouping waters as follows accord 
ing to their degree of mineralisation fresh water—up to 
a gram of dense residue per Jitre saline water--1 90 grams 
per Jitre and brine—over 50 grams per litre Fresh water 
1s subdivided into hard (0 251 gram of dense residue per 
litre) and soft (less than 0 25 gram of dense residue per litre} 
Water 

Ground Waters in the Permafrost Zon. In perpetu 
ally frozen ground the temperature has been negative over 
a sustained period of many decades Permafrost occurs 1D 
regions with a subzero mean annual temperature ‘tnd 15 
due to the fact that the bed rochs beneath it freeze in winter 
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and with the exception of the upper part called the active 
layer, do not thaw out in summer 

The occurrence al fround waters in the permafrost zone 
depends not so much on the composition of the rocks as on 
the degtes to which these rocks are frozen permafrost 
layers are impermeable and this leads to a unique circula- 
tion of ground watcrs 

N Tolstihhin has subdivided the ground watcrs of tho 
permafrost zone into the following three calegories 1) super~ 
permafrost, 2} interpermafrost and 3) infrapermafrost 

Superpermafrost waters which are confined to the active 
layer can be regarded as graund waters They are re- 
charged by precipitation percolation of surface water 
and subieecdiny from the deeper aquilers 

These waters depend on season4l freezing and melting 
Their mineral content 1s low but they contain 1 large quan 
tity of organic material They cannot be recommended for 
drinking because organic substances decompose in them 

Superpermafrost waters expand when they Sreeze and the 
resullant tremendous pressure forces comphant ground to 
bulge and form hydrolaccolith containing hummocks When 
these hummocks burst part of the water in them pours 
out and forms bodies of ice This deformation of the ground 
has to be taken into account during building 

Interpermafrost and infrapermatrost waters do not freeze, 
this being due to the excellent permeability of the rocks 
thy discharge of thermal water from lower lying levels, 
and their location beneath mvers and lakes These waters 
have an unchanging regime and are pure and this makes 
them important as a source of supply for the Ussur; and 
Transbaikal railways 

Movement of Ground Waters Ground waters generally 
move many times slower than surface waters averaging 
G5t metre a day 

Their rate of advance depends on the size of the POres in 
rocks (the rate of movement 1s faster through rocks with 
large pores) the hydraulic gradient of the carrier p 7 
the distance they trave! and the temperature which ochs 
erns their viscosity In poorly GOV 


rm 
fahes months to travel 3 permeable rocks water 


distance of a few hund 
This explains why dry years affect the discharge at springs 


ify 


onty after tin or twcklse months Despite this «low rate of 
advance the waters perform a dt finite and «ometeimes 
very appreciable geological function as they percolate 
through roche In this respect they may be regarded as 
a roch destroying and alse a rock forming agent 

The destructive actisity of ground waters (stu}foston) 
manifests itesclf in the dissolution of rock’ mechanical 
erosion and evacuation of eroded particles 

Unlike river water ground waters are strongly charged 
With mineral matter somctimes reaching the consistency 
of brine 

The water solubility of minerals or rocks varies The 
minerals that dissolve ensily (hundreds of grams per litre 
of water) include rock salt) sodium carbonate and sodium 
sulphate Fhataus why rock eilt deposits only occur in areas 
where they are protected by impermeable beds (clays) 

Gypsum and anhydrite are considcred as medium so 
luble 1¢ one part dissolves in 380 550 pirts of water 
[imestone and dolomite do not dissolve readily at normal 
temperature and pressure it takes { 0003600 pirts of 
Water to dissolve one part of Jimestone Quartz feldspar 
and mica are practically insoluble 

Gases fcarbon diotide otygen hydrogen sulphide 
methane and so on) Ithewsse dissolve in water Water 
becomes enriched wath carbon dioxide o3 it percolates 
through a humus rich segctative layer The presence of 
earbon dioxide in water increases the solubility of limestone 
two or three times The organic substances in water act a8 
reducing agents of various mineral compounds 

Water containing oxygen carbon dioxide and inorganic 
and ofganic substances 15 thus a powerful geological factor 
which in the cour ce of time no rock can resist 

The entire ringe of geological phenomena linked up 
with the partial dissolutron and erosion of rochs and the 
formation of stnk holes in them 1s called Aarst* and tho 
areas Where these phenomena develop are called harst 
regions Gypsum and limestone are exposed to inten ive 
harst and leaching may procced simultaneously from the 


* Named alter the Karst limestone district of the Dinaric Alps 
netr the Adriatic coast of J ugoslavia 
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surface and from within, where there are pores fissurcs 

tracks and so forth The surface of limestone 1s leached by 

jets of streaming rain or snow water which produces a 

series of more or less parallel furrows These furrows called 

Ssallow holes (Fig 60), are sometimes tens of centimetres 
eep 





te 


Fig 60 Swallow holes on limestone in a l4rst region 


The water streaming down the surface of limestone finds 
a fissure in it penetrates into the rock through this fis 
sure and carves out a kind of well or cave by dissolving the 
rock This well is approached through a funnel Inthe hollow 

he water accumulating im this hollow called a sink 
hole streams into the well 

As 1f moves in the limestone water dissolves the rock 
‘0 US path hewing out sinks and channcls thus giving 
rise to subterranean streams with tributaries Some of 

ese Streams break through to the surface where they 
sive birth to harst springs Depending on the size of the 
aimentation area and on the precipitation some karst 
Springs have a very high output Small mills and power 
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stations are sometimes burlt over them A single harst 
spring can be uscd to irrigate a land area of over a thousand 
hectares 

Seasonal changes of the quantity of water in harst springs 
are observed where the alimentation areca of a harst region 13 
small After a thaw karst springs frequently yield large 
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Fig 61 Dragram of a cave in which ice accumulates 


quantities of water which decrease sharply if the summer 
is dry An example of this are the springs round Leningrad 
in spring they yield several millions of buckets of water, 
and in winter the yield drops to about 10 000 buckets 

The largest karst caves in the Soviet Union are the Chatyr 
Dag caves in the Crimea the Barnuhkov Cave in Gorky 
Region the Kutais: Caves in the Caucasus the Nizhne 
udinskh Cave in Siberia the Tuya Muyun Aravan Karama 
gar and Ugam caves in Central Asia and the Teshik Tash 
Cave near Termez 

The 250 kilometre long Mammoth Cave in North America 
is the biggest harst cave tn the world [t consists of numer 
ous passages and galleries some of which are arranged 10 
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several storeys the 


highest being 300 me a 
tres A river flows ro Bigs 1a 
through the cave and /p LF oc 
there are several AY Lg ee , 


= E+ eg 
lakes brat” a 
Some karst caves ff Fs 
are more or less filled Lag 


with ice (Fig G4) Ice APE 


hills caves that have ae 

gradually descending 

passages because of Fig 62 Section of a land lide 
the eold air that accu I-permeable beds —impermeabie beds 


mulates in them In 


winter these cavesfreeze and then inspring vapour and wat 
er gets into them and also freeze But because cold atr is 
heavier than warm air there 18 no exchange and the cold 
alr Temains stagnant 

There are ice filled caves near Kuibyshev The WKungur 
Cave in the Urals merits special attention It is the longest 
gypsum cave in the Soviet Union and the second longest 
im the world Located on the mght bank of the Silva 
River nearthe town of Kungur it has more than a hundred 
grottoes and passages with a total length of 46 hilome 
tres In it there are 36 lakes including 19 big ones The 
biggest has an area of 200 square metres The lakes 
ae oN metres deep, and the temperature of the water 1s 

harst processes are also observed in Joess and Joam and 
to distinguish them from karst processes 1n limestone and 
Eypsum they are called clay or smaJj! karst They are very 
Widespread im the Kopet-Dag Mountains 

Landslides and rock avalanches along the sides of rivers 
lakes and seas where underground waters rise te the surface 
ate another manifestation of suffosion 

Landslides occur most frequently on slopes consisting of 
beds of permeable and impermeable rock (Fig 62) The 
Surface of the impermeable bed 1s soaked and becomes 
slippery with the result that under the influence of various 


external factors the beds overlying it break away and 
slip down 
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Landslides may be caused by earthquakes heavy rains 
that merease the weight of the beds resting on an imper- 
meable layer erosion of a slope by a river or sea and also 
by mans activity (inexpert watering of orchards and 
vegetable fields carcless discharge of surplus water over 
loading by heavy structures and so forth) (Fig 63) 

Landsi:des also occur among bedrocks when the follow 
ing conditions obtun 1) layers ind fissures sloping in 
the same direction as the valley 2} abundant ground water 
3) an smpermeable bed with permeable beds above it In 
argfillaceous and arenaccous argillaceous rochs there may 
be landslides if the bedrockhs are horizontal as well There 
may be landslides even if the rock strata have a reverse 
gcadient dipping deep into a slope 

Frequently ijandslides cause changes in the bedding of 
rocks iisting 14 and mixing rocks to form repetitions of 
the same strata on slopes 

There have been cases of landslides carrying away large 
portions of a river bank several kilometres long and hundreds 





Fig G3 Ruver bank Iandslide 


of kilometres wide together with forests orchards and 
buldings The enormous damage caused by such landslides 
makes it necessary to take Special measurcs 

One of the principal ways of preventing landslides 18 
fo control surface waters drain underground Watcrs and 
conduct eurtawork correctly 





Fig 64 Stalactites and stalagmites 


Constructive Activity of Ground Waters Water be 
comes mineralised as it dissolyes mineral masses It stops dis 
solying minerals only when 1t 15 saturated with mineral salts 
ff it is aversaturated, 1t has to precipitate some of these 
saits Salts that are hard to dissolve are precipitated first 

As water weeps through and dissolves juamestone it forms 
calcium bicarbonate [(Ca(HCOQs), | which when the solution 
evaporates and reJeaseSs CO 18 readily precipitated as 
aragonite The conditions obtaining in karst caves slimu- 
late the precipitation of calcium bicarbonate Irom solutions 
infiltrating into these caves That is why the water trickling 
down the walls of karst caves coats them with ‘inter and 
deposits mineral matter on the ceiling and the floor These 


Column like deposits aro called stalactites and sialagmites 
(Fig 64) 


A stalactite 1s a deposit hanging from the ceiling of a 
cave and in appearance much resembling an icicle Drops 
of water percolate through a bed of limestone evaporate 
and leave behind the salt they had dissolved ‘These drops 
usually trickle down the side of a node on the ceiling where 
the water dripping through the rock pores evaporates more 
intensively than elsewhere Grains of calcium carbonate 
and of calcite gradually accumulate in this way If the 
quantity of percoliting water 1s large enough a part of 
the drops fall to the floor of the cave and also evaporate 
The deposit left by these drops grows upwards and 158 called 
a Stalagmite Respectively growing from the ceiling and 
the floor the stalactites and stalagmites frequently join 
to form a pillar supporting the roof of the cave A karst 
cave can thus be filled and cemented The growth and fill 
ing up of a karst cave 15 a very long process ‘There are 
caves completely filled with mincral material 

Calcium carbonate which forms fufa (travertine) 15 Ire- 
quently precipitated where water saturated with carbon 
dioxide breaks through to the surface Munerals may be 
deposited in fissures in rocks When that happens the fissures 
and voids between grains are filled wrth matertal matter 
calcite for example which cements the rock 

Minerals may also be deposited when there 1s a drop in 
the temperature of the water which dissolved them Gas 
saturated water rising from a great depth where the tem 
perature 1s high precipitates some of the mineral matter 
mn it when tt reaches the cold upper layers This mineral 
matter fills and cements the fissures and pores 1m rocks 

If the process by which water deposits salts goes on 
for a long time all voids become filled with cementing 
mineral matter In this way forcxample and turns into 
sandstone fissured rocks are welded and mineral veins form in 
fissures Hydrothermal deposits of ore (silver lead copper 
gold tron zine lead and other metals) may form because 
the salts dissolved im water may include metallic <alts 

Stlrceous sinter (geysertte) precipitated by water satu 
rated with Silicte acid 1s a widespread mineral deposited 
by hot underground waters In add:tion to tufa and iit 
ceous inter spring waters precipitate large quantitics of 
brown tren ore (limonite) for which there is a big demand 
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Mention must also be made of dendrites which are arbo 
reccent deposits of ferric and manganese oxides laid on strat- 
ification and cleavage planes 

The water circulating in the Earth s crust thus transports 
various mineral compounds from one region to another 
thereby acting aS an agent for the migration of mineral 
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Fig 4 Section of a kariz 
J~impermoable layers 2—permeable and water bearing beds 3-—month 


Practical Importance of Ground Waters A study of 
ground waters is of importance both to theory and practice 
From time immemorial these Waters have been used for 
drinking and for irrigation This 1s borne out by the deep 
(100 metres and over) ancient wells along the caravan routes 
in Central Asia and also by harizes which are horizontal 
underground galleries carrying ground water by gravity 
flow (Tig 65) 

Ground—thermal thermo mineral and thermo aerated — 
Waters are of great balneological importance Where they 
Conlath adequate quantities of minerals they can be used 
aS a raw material for the production of various salts 


SNOW AND ICE AS GEOLOGICAL AGENTS 


Snow and ice are linked up with defimite climatic condi 
lions A snow and ice cover can only form if there is abun 
dant Brecipitation and if moct of it falls in the form of snow 
To exist snow requires subzera temperatures and therefare 
i can only accumulaie am crustal areas with a negative 
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heap oof rocks and tran porta products of weatherng 
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fig fC birn op Yount Aj Petr] In winter 


tice En the Swiss Up wath ats relatively den ¢ population 
avalanches linve taken a large toll of life There have been 
dy Urtictess avalanches yo the Caucasus and Pamits as 
mcll (Erg 4) 





Avalanches are such 1 calamity that specral observation 
posts have to be organised, barriers constructed in their 
path or measures taken to dcstroy them There is a special 
avalanche forecasting service 

To give an idea of how frequently avalanches occur we 
cite S hKolesnih s figurcs for the Savoy Alps 


1903 O+ P48 1907 0S 638 
1944 Or ST 1304 69 740 
1935 06 672 190) 10 6-1-2 
1906 O07 187 1911 {2 530 


Year after year most avalanchcs roll down along regular 
channels 


Geological Activity of Ice 


Types of Glacters Glaciers occur in polar regions where 
the snow line comes down to sea level or in high mountain 
regions remote from the poles The arca under glaciers 1s 
nob constant varying with changes in the climate At 
present ten pir cent of the Carth s+ land area is under gla 
cier QS per cent of the glacier area is in high mountains 
and 995 per cent in the polar regions 

Glaciers differ in size and the position occupied by them 
depends on the rehef the elevation and the precipitation 
Taking these factors into account glaciers are classified 
Into three principal types 41} mountain (Alpine type} 
2) highland (Scandinavian type) and 3) ice caps or conti- 
nenlal glaciers (Greenland type} ‘lhe first and second types 
occupy Y8o per cent of the total area under glaciers 

Mountain glavicrs are relatively small Thcy he on the 
Summit of mountains (stellate glaciers} occupy swallow 
holes on mountain slopes (corrie and hanging glaciers) or 
move down the floor of valleys (valley glaciers} Glaciers 
of this type occur im the Caucasus the Tien Shan the 
Pamirs the Alta: Mountains and the Alps (Fig 68) 

In the Caucasus modern glaviation occupies an area of 

907 Squarc kilometres 1460 square kilometres of this 
arca are on the northern slope According to data provided 

y 3 Solovyov the longest glaciers in the Caucasus are 
the Dyhkh Su (15 28 kilometres) the Karagum (14 94 kilo 
metres) the Bezing: (1361 kilometres} which he on the 
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northern slope and the Lekzyr (1365 kilometres), which 
lics on the southern slope In the Soviet Union the longest 
glaciers are in Central Asiqg Fedchenko Glacier in the 
Pamirs (7/ kilometres) and Inylcheh Glacier in the Tien 
Shan (80 kilometres) In Central Asta 11000 square kilo 
metres are under g¢lactrers 





Fig G8 Devdorak Glacier Mount Kazhek 


Hichtand glaciers form on mountains with flat summits 
which are covered by a solid sheet of ice There are many of 
these glaciers in the S andiravtan Mountains There 1s 8 
certain similarity between these and cap glaciers on volcanic 
cones The latler are observed on mounts Elbrus (the Cauca 
sus) Kalimanjaro (Africa) and Aiyuchevshaya (Kamchi tha) 

Continental glaciers occur in the polar regions where 
they occupy vast arcas (ian the Antarctic Greenland Spits 
bergen and other regions) Continental ice caps have & 
chicld shaped ourface and are scmewhat elevated in the 
contre These glaciers are very thik In its centre the 
Greenland Glacicr is at Icast 3 COO metres thich The ice 
fans out [rom Lhe centre and descends to the sea ay separate 
thick tongues The ice broaks as it enters the sea and comes 
to the surface 10 tho form of icebergs 
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Formation of Glaciers In many cases particularly im 
mountain glaciers ice is transformed snow As a great 
mass of snow accumulates it solidifies under its own pressure 
Its surface melts in the sun during the day and freezes at 
night (even in summer} ‘These alternating processes turn 
the snow into granular ice or neve 

Neve has a diferent structure than snow each grain 
reprosenting several accreted crystals of ice These accreted 
crystals are small in the upper layers but become bigger 
with depth reaching a size of 100 cubic millimetres at a 
depth of five or six metres 

Neve is also nourished by mountain hearfrost or glazed 
frost precipitated on the windward slopes of mountain 
praks This hoarfrost forms in the following way When 
humid air comes into contact with the frozen slopes it forms 
a solu! one or two metres thich crust which breaks away 
under its own weight and falls on the neve surface 

In some regions neve fields are nourished by snow ava 
lanches born higher up in the mountains 

Near the surface neve frequently alternates with snow 

ower down the snow disappears and neve alternates with 
layers of solid ice 

Neve basins usually have a concave floor resembling a 
flat bowl In them snow turns into neve as it solidifies 
and then into glacial ice which 1s es.entially different from 
the ice that forms on the surface of water basins The latter 
has a density of 0917, glacial ice 0909 and neve from 
02 ta 04 

Glacicrs form through the accumulation of neve in the 
courso of many centuries and possibly millenniums 
Neve whose lower portion has turned into glacial ice over 
fills the corre and because of tts plasticity moves downhill 
es descending along mountain valleys emerge in 

Vay 

A néve basin is thus the alimentation area of a rlacicr 
Masses of snow continuously accumulate in it and gradually 
turn into glacial ice The body of a glacier ends in a tongue 
ab the exit from the valley 
overt nf of Glaciers Ice moves likea plastic substance 
ie rate of movement of a glacier is in gencral not high 
fom several tens of nullimetres to several tens of centame- 
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tres a day rarely reaching 
1415 metres a day Con 
tinental glaciers travel at 
arate of up to 2040 me 
tres a day This rate of 
movement depends on the 
size of the ice mass and the 
gradient of the floor of 
the valley along which the 
glacier moves The rate of 
moxement of a glacier can 
Fig 69 Cross section of elacial be determined by various 
valleys methods The simplest 1s 

Fete ee ender) ei, to place several large col 
twice ¢m—ert pr ted terrate}) 3—salley oured stones across the 

inta which ariterh secutits way glacial stream and to ob 
serve how they move downhill together with the glacier 
it has been estiblished that the centre of a glacier moves 
at a higher rate than its marging 

As a glacier moses down a valicy if loses part of its ie 
through melting and evaporation The lower it descends 
the more ice 1s erpended and a point can be reached where 
the amount of ice melting equals the supply From above 
A glavier cannot advance beyond such a point but masses 
of ice will continue to mote 

Giactai Activity * A glacier performs geological func 
tions as it moves down a valley it abrades the floor of the 
valley by its own weight digs kettle holes with the boulders 
imprisoned in its bottom smooths out steep contours and 
gives the valley through which it moves the shape of a 
trough (Figs 69 70) The more rock waste a glacier carries 
and the fa ter is its rate of movement the more intensive 
its abrasive accrirly Granites and other hard rocks are 
polished and all protuberances on them are smoothed out 
Qn the other hand looser rocks are ploughed! by glaciers 
hence the term glactal ploughing or exaration 

The material that breaks away after it 15 ploughed up 
by a glacier or that has fallen from mountain slopes 1s trans 





* The physical and georriphical study of glacicrs ig the subject of s 
special scince called glaciclory 
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tig 70 Descending tongucs (medial moraines can he seen 
on the large glacier) 


ported by the glacier and deposited either along tts entire 
route or at its terminus 

The rock debris carmed and deposited by glaciers 15 
calle! moraine There are different types of moraine lower 
locate 1 in the lower part of a glacier faferal located along 
the edges of a glacier and infernal which 1s carried in the 
body of the glacier All these are moving types The debris 
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deposited by a glacial tongue where it melts after having 
been stationary for some time 1s called ferminai moratne 
and the debris scattered in the ice near the glacier floor 1s 
called ground moratne (Fig 71} 

Several glacial tongues frequently merge in the upper 
reaches of mountam valleys Wen this happens the largest 
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Fig 7! Top sicw (1) and sectron {IT} of a glacter 
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#-—tero Inal moraine 


becomes the principal tongue In some cases the principal 
glacier ts so big and so deeply cut into the valley that 
the lateral glaciers superimpose themselves on it When 
confluent glaciers are approximately of the same size 
the, merge along their sides The edges of each glacier carry 
lateral moraine which when the two glaciers merge ihe 
“isc umte to form medial morarne 

We can tell how many glaciers have umted by the num 
ber of medial moraines plus one Thus if there are three 
parallcl] medial moraines on the surface of a glacicr it 
chows that four glacial strcams Lal merged 

Terminal moraine releases tts drift loai which forms 
Jongitudinal and transversal ridges At the point here tho 
glacter melts the surface internal and Jower moraincs 
form transversal rrdges and the medial and lateral moraines 
fongitudinal rulges A cup like «depression often occupied 
by a lake forms between the ridge of terminal moraine and 
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the tip of the glacial tongue tn the period when the glacier 
retreats When a glacicr advances if shifts the terminal 
moraine farther down the valley, or, 1f the moraine ridge 
is very big moves over it 

Externally, moraine 1s an unsorted mixture of vanous 
materials—clay sand rock debris pebbles and sometimes 
whole rock fragments (moraine loam and clay) 

Many of the valleys through which glaciers move are 
tortuous and the floors may be flat or steep In its advance 
a glacier always hugs the convex side of the valley, with 
the result that that 1s where the most intensive ploughing 
takes place If there are rock obstacles on the floor of a 
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Fig 72 Ronski Glacier 


valley the ico because it 1s brittle breaks into slabs 
which form crevasses running across the valley Depending 
ob the stcepness of the gradient and the thickness of the 
ce these crevasses may be very wide and deep Such sec- 
lions are absolutely impassable (Fig 72) When a glacier 
reaches an arca with a gentler gradient the crevasses close 
and the surface becomes smooth again 
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Fluvioglacial Deposits Melting ice gives rise to streams 
Which form a whole system of currents and jets bencath 
the body of the glacier 

A cave or grotto sometimes a very big one forms at the 
terminus of a gtacicr where these streams issuc When 
there is little water in these streams it 3s possible to walk 
quite far up the valley under the ice But powerful streams 
frequently Mow from under the ice particularly in the 
latter half of the summer As the temperature of the air 
drops the melling process slackhens the strcams become 
shallow and then disappear completely as winter ap 
proaches 

Glacial mils or fluvioglacial streams as they are called 
erode the moraines and at the same time sort out the 
morainal material During the warm penod of the year 
these sLreams reach the height of Lheir power Lheir eroding 
activity proceeds very intensively and they carry quite 
lar¢e debris In the lower reaches where the valley s grad 
rent decreases the glacial rillsslow down their force decreases 
and they bcgin to depost the coarse grained material 
they had captured while eroding the moraine and the fine 
grained matertal is carried farther Glacial streams form 
what are called aqueoglacial or fluvtoglacial depostts 
The materzal of which these deposits consist 1s sorted and 
slratificd Quite often fluviogiac:al deposits are located 
between to moraines—of the previous and subsequent 
elaciation 

Flusioglacial deposits may constst of gravel sand 
loam and clay The large areas consisting of beds of sand 
and clay deposited by streams in front of a glacier are 
Called eutuash plains 

In closed basins (glacial lakes} the melt water from gla 
ciers leaves deposits consisting of thin allernaling strata 
of sand and clay This texture is due to the scasonal accu 
mulation of the oe sediments the and strata are depo ited 
In spring and summer and the clay strata in wintcr when 
the water [excl 1s low These deposits are called tarred 
clays and are Od 0 centimetres thich 

Glacral topography forms as a result of the melting and 
retreat of glaciers The mot typical are esters They are 
long marrow ridges arranced one behind the ether or broad 
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flat elevations Along their siles they usually have peat 
filed ditches The eskers themselves consist of gravel and 
cand lying in distinct diagonal beds which is proof that 
they were dcposiled by running water 

‘Lhbere are numcrous eshers in Finland and Sweden where 
they are disposed in rndges running paralle! to the glacial 
grooves Lateral eskers frequently merge wilh the main 
esker to form a system resembling that of a river with trib- 
wianes Uskers are 4559 metres high The crests of some 
are so Barrow that there is hardly room for a footpath 

Advan e and Retreat of Glacters A study of mountain 
glaciers has revealed that their margins are unstible They 
advance and retrcal in conformity with the periodic changes 
in the climate If the climate grows Warmcr ice Waslage 
may exceed the supply and the glacier begins to grow shor- 
Let 16 to retreat The reverse happens in a wet and cold 
period Observations conducted during a relatively short 
period howed that this retrcat and advance is inconsider 
able but in the course of decades this movement covers a 
distance of hundreds and even thousands of metres 

Changes mn the ice mass of a neve basin resulting from 
changes in the quantity of precipitation affect Lhe entire 
we field The climatic conditions im the region where the 
glacier descends likewise play an important role because 
in many cases the glacial tongue 18 Several thousand mctres 
below the neve ficld Therefore given stable conditions in 
the neve basin the glacier will retreat if ice melts inten 
sivCly in the lower reaches of the valley 

Moreover changes in the ice mass depend on the form and 
siz@ of the alimentation area The position of the glacial 
Longue in relation to solar heating is important A tongue 
situated m a shady arca 1s more stable than a tongue ex- 
posed to sunlight A mantle of roch material also protects 
a glacicr from excessive melting and evaporation 

Prehistoric Glactation A study of the history of the 
Barth s crust shows that there have been epochs when 
glaciation embraced enormaus arcas Such glaciation ac 
cured in the Proterozoic era the Carboniferous and Permian 
periods and Jastly the Quaternary period In the latter 
period a solid sheet of ice covered the whole of Northern 
and Eastern Europe in Moscow Region it was more than 
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a kilometre thick and tts southern boundary passed south 
of Kiov 

Scandinavia in whose mountains glaciers exist to this 
day was the centre of the Quaternary glaciation in Northern 
Europe It has been calculated that aS C drop tn the mean 
annual temperature would be sufficrent to cause these 





Fig 73 Boulder left stranded by a glacier 


glaciers to grow and occupy the whole of Northern and 
Central Europe The Quaternary glaciation has left distinct 
traces in a \ast arca in Europe A well defincd morainal 
topography consisting of ridges of terminal moraines 
striated boulders (erratics) sheep back rochs, eskhers and 
lakes can be seen in the Kola Peninsula and Finland 
These are clear indications of recent glaciation Farther 
south around Leningrad Kalinin Vologda and Pskov 
glactation has left traees in the form of rounded striated 
boulders some of which weigh more than a ton (Fig 73) 
Quaternary moraine deposits in the Curopean part of the 
USSR and in the adjoining countries show how far 
south the continental tice hal moved 

The alternation of glacial and interglacial periods was 
duc to climatic changes caused by deviations in insolation 
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as a result of the regime of solar heat radiation a shift 10 
the angle of tho Earths axis and other factors 

Some scientists are inclined to link climatic changes 
and the rise of glaciation with the processes taking place in 
the Earth itself Arrhenius, for inwtance considered that 
climatic changes may depend on fluctuations of the quant 
ity of carbon dioxide im the atmosphere He believed that 
if the quantity of carbon dioxide were halved the Earth s 
temperature would fall by an average of 49 G, with the 
result that given sufficient precipitation the whole of 
Europe would be covered by a thich sheet of ice 

Moreover if 18 considered that volcanic eruptions play 
a very Important role in the mse of glaciers If the quantity 
of volcanic ash ejected into Lhe air during intensive volcanic 
activity 1s large enough 1t may influence solar radiation and 
cause the fb arth to cool 

The Russian geographer Brounoy advanced the opinion 
that glaciation requires not only a low temperature but also 
a change in the humidity regime of the air In Eastern 
Stherta’ where the cold pole passes in the vicimitv of Ver 
hhoyansk colder tempcratures are registered than in Green 
land But Greenland receives a larger quantity of precip 
Itation and therefore has the necessary conditions for 
the accumulation of ice masses In Verkhoyvanskh on the 
Other hand there is very little precipitation and no perma- 
nent snow cover ever forms 

Epetrogenie uphifis (a 4 G drop in temperature per ap 
proximately 200 metres of elevation) are another factor 
stimulating glaciation Sca currents also influence the 
climate For exsample hecause of the Gulf Stream the 
port of Murmansk 1s ice free all year round while the 
port of Leningrad which 19 GCO hkulametres farther south 
is ice hound for five months every year 


We can thus see that glaciation depends not on one but 
on numerous factors 


GLOLOGICAL ACTIVITY OF THE SEA 


The geological a tivity of the sea follows the same pattern 
as that of rivers ice and the wind ercesion transportation 
grinding sarling and depostialion There are however a 
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number of features mm the sea s activity that make it espe 
cially important to Iife on Larth 

While the wind surface waters and ice transport the 
material croded by them down to sea level the sea hides 
this material beneath its waters [ts action rs directed at 
wearing all continents and islands down to its own leyel 


\\ 
7 
200 258m gon 
tb 
ce 
g 
o 
= 
as 
ght ‘ 
\ cs? ‘ 
Abu 


Fic 7a Diagram of the vertical zones of + sea floor 


hence the name abrasion This abrasive activity 1s observed 
along the shore line of all continents and islands whose 
total length is about 200000 kilometres Abrasion by the 
sea is Clearly defined in many large land areas A classical 
example is Heligoland an island in the North Sca whose 
areca Was reduced from 920 to 15 square kilometres in 
JOO years 
Organic rocks of which there are relatively little mn con 
tinental deposits play an important role among marine 
ediments The accumulation of marine sediments follows 
a cliarly defined zonal pattern which depends on the 
boltom relief the shore lint and other factors 
The sea floor descends not gradually but in steps (Fig 
74) The first step 15 called the shelf or shallow water and 
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stretches to a depth of 200 metrcs In some places it 1s 
400 600 kilometres wide and embraces 8 4 per cent of the 
surface of seas and oceans Part of the foreshore lies between 
high and low tide levels and 1s called the iztioral Beyond 
the border of the littoral 1s the pelagie zone 

The shelf gives way to the deep water or bathyal zone 
Which is from 200 to 2500 metres deep The sediments of 
the upper or shallower scctions of the bathyal zone can 
be sect. in motion oaly by heavy seas or by deep sea currents 

Terngcnous deposits {deposits derived from the land) 
do nol rcach the abyssal zone which extends below a depth 
of 25003000 metres Only volcanic ash and cosmic dust 
are carried to this zone 

Destructive Activity of the Sea This activity stems 
from the work of wind waves tides and currents 

Wid wares erode shores by their own pressure developed 
by the surf which breaks against beaches and also by the 
battcring action of rock waste which they, carry in suspen 
sion 

This rock waste intensifies the action of wascs because 
the stones of varying size the «and and other material 
hurled against cliffs by Waves act as powerful corrasion 
afrents 


The most energetic geological activity by the sea 15 
Observed in the coastal zone 

The force of the surf 1s very considerable and the pressure 
developed by water against the shore exceeds two or three 

Mograms per square ccntimetre along a rocky and precip 
Lous coast if the waters in the httoral zone are deep 

reahers that throw masses of water and rock debris to 
grcal heights are possible 1n such an area There have been 
cases Of breakcr hurled pebbles breaking the glass of light 
house searthlights at a height of more than 20 metres 
abayve sea level ff there 1s an in shore shoal (beach) the 
breakers lose much of their strthing force through friction 
against the sea floor The force of waves decreases also 
With depth Their effective activity therefore 1s confined 
to a relatively small depth In the open sea mpples can be 
scen on water up to 200 metres deep 

Waves devclop their greatest force where they pound a 
precipitous coast Near the coastal city of Gagra 1n the 
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along coastlines exposed 


ar 
Art de to tides while where wind 
USECMLT, Waves alone are active there 
“it are only one notch and 
Attell d one terrace 


rTTou tl The work done by tidal 
fins Vaters 1§ particularly no 
ticeable in narrow straits, 
bays and mouths of rivers 
the, carve out canyons on 
the Hoor of straits and 
bays while in the mouths 
of rivers they hinder the formation of delta islands that 
turn these mouths into estuaries 

Sea currents are hkhewise very destructive For etample 
the Gulf Stream which 1s several hundred metres deep and 
275 kilometres wide along the shores of Scandinavia 
washes away all the fine termgenous sediments from the 
floor of the shallow water and from the upper parts of the 
continental slope and transports them over a distance ol 
thousands of kilometres 

Wind wares transport bottom sediments along the nor 
mal to the shore and also along the shore Sediments trans- 
ported along the normal to the shore are thrown on the shore 
when oncoming Waves predominate over ebb wares when 
there 1s an equihbmum between these wives the same 
quantity of material is transported shorewards as 1s carricd 
away into the sea and when ebb waves predominate over 
oncoming wares sediments are transported seaward If 
the bDrenking waves are oblique in relation to the shore 
line sediments are transportd along the shore (Fig 80) 

Coarse material is sorted at the same time that it 15 trans 
ported by waves The coarsest material ts left near the 
shore smaller material carried farther away and lastly 
the fine t particles of clay transported the farthest Benthon 
ic materral fying at depths of more than eight or ten 
metres can only be moved by violent storms 

Shores are protected against the crostyve activity of the 
sca With embankments consi.ting of conercte slabs and also 
with off hore conercte bars against which waves break 
withouk reaching the hore 





Fig 77 A wave-cut terrace 
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Fig 79 Wonder Rock the Crimea 
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Useful Activity of the 
Sea Not ofltheactivit, of 
thesen is destructise Ff rod 
el maternal 1s) deposited 
nlong tho coast ond also 
7 over the entire shallow 
Mater are 
Fig 80 Diagram of the movement of Tho in wash of coarse 
pebbies alon, ao seashore The Material on gently sloping 
arrow shows the wind direction shores frequently leads to 
1 f—transveraal wavecrest (2 tf—shore the formation of off shore 
line tr 3¢ 5 é—path of pebples bors (Eig S1) The ma 
terial carricd by waves to these shores 19 not wa hed 
away Thcso sediments grow to form a har 10-12 metres wide 
Sometimes several bars are formed parallel to each other 
the fatthermost from the sea being built during silent 
storms and the nearest by weak waves 
Sediments are deposited on the ca floor as well These 
are Classified as littoral 
shallow water and abys AANCANRAAAR RAAT aReTRtaces to ‘ 
sal sediments SAN oh 
In the littoral zone 
the sediments are con Fig 81 Off shore bar 
tinuously buficted by 
waves ‘which roll and sort them In the immediate 
vicinity of the shore the debris 1s poorly rolled and coarse 
and often consists of rock lumps and waste Farther away 
from the shore the sea deposits pebbles then gravel and sand 
Which becomes finer with distance from the hore {Fig 82) 
Yn the littoral zone the waste les in inclined beds Small! 
particles with a dram 
eter of less than 
2 ff O01 muillimotre are 
not deposited near the 
shore but are carried 
In Suspension and pre 
cipitated on the sea 
Fig 82 Distribution of termeenous floar at depths from 
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Shelf deposits consist of sand clay and sometimes ooze 
There 1s always organic material in these deposits Marine 
vegetation grows abundantly in the shelf zone, and this makes 
for a favourable environment for marine life The sediments 
in this zone are usually clearly stratificd oblique or 
irregular stratification is hardly cver observed The ex 
ceptions are the slopes of coral reefs which dip steeply 
mto the sea with the result that sedimentation proceeds 
irregularly Traces of ripples which may be described 
as negative prints of waves can be seen in the shallowest 
regions of the littoral zone These prints are variously 
shaped but an contrast to similar wind and river forma 
tions they are always symmetrical 

On the shelf a broad strip of sediments stretches along 
continents and islands The width of this strip averages 
250 kilometres, and where rivers carrying large quantities 
of waste empty Into the sea 1f broadens out to 600 hilo- 
metres Where the shelf 15 narrow termgenous mud 1s also 
deposited on the continental shelf, provided it 1s not carnmed 
away by currents The belt of shelf deposits ends abruptly 
where there are strong currents 

Organic and chemical sediments are deposited in the 
shelf zone in addition to sediments of purely continental 
{terrigenous} origin 

The sediments deposited beyond the shallow water zone 
in the bathyal and particularly, the abyssal region are 
chiefly of orgame origin the mineral admixture im these 
sediments 1s insignificant The material for organic sedi- 
ments 1s supphed by the big and varied population of 
the sea 

On the sea floor there are diverse algae sea hiieg sponges 
bryozoans corals (in warm waters) mollusks echimoids 
and so forth 

Reef building coral colonies play an important role in 
the formation of organic sedtments Coral and algae thrive 
in shallow (not more than 20 45 metres) and warm sea 
water of normal salinity Coral reefs form mght along the 
coast of continents and islands and alsa at considerable 
distances away from them 1n the region of the shallow sea 

These reefs cease to grow during secular uplifts and 
When the sea floor gradually sinks only the lower part of the 
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reefs dies off Waves erode the dead portions of the reefs 
turning them into calcareous sand and fincr calcareous 
silt 

Some algae consume lime from sea water and deposit it 
in their stalks Beds of limestone maj form from the re 
mains of such stalks Shell limestone which 13 widespread 
im ancient deposits forms from the remains of mollusk 
shells In abyssal regions plankton remains turn into 
Organic ooze 

Sediments of chemical or biochemrcal origin accumulate 
in some areas These include calcareous and srhiceous 
sediments rising from the redepositation of lime and silica 
from the skeletal remains of organisms Chemical sediments 
play a small role in the open ocean They accumulate 
mainly in coastal waters separated from the ocean by barrier 
beaches (marshy lakes at the mouth of mvers lagoons, 
bays and so on} through ap increase 1n the salt concentration 
This phenomenon 15 observed in areas with an ard climate, 
the Kara Bogaz Gol on the cast coast of the Caspian, for 
example 

Material ejected by volcanocs (ejectamenta) plays some 
role in the accumulation of marine sediments particularly 
in abyssal regions where hardly any terr:igenous particles 
occur Lastl} there are cosmic dust and meteontes that 
fal! into oceans 

Bey ond the belt of shelf sediments lies the zone of bathyal 
sediments represented by fine terrigonous materral—blue 
red and green mud 

Blue mud occurs over large areas of the ocean Iloor 
particularly in the Atlantze Sometimes it occurs mm the 
shelf region as well In the Bay of Naples for cxample it 
Is found at a depth of 15 metres This mud was brought to 
tho surface from a matimum depth of 5120 metres Owing 
to an admitture of fernc oxide the topmost Jayers usually 
have a red or brown tint but the rest of it 1s blue uinety 

cven per cent of this mud consists of particles of clay The 
carbonate content in it sometimes increases at the expense 
of the clay particles The quantity of quartz grains 1s +er 
~mall Taken out of the water blue mud smells of hydrogen 
sulphide formed through the decomposition of orgimic 
matter The hydrogen sulphide and iron in the mud give 
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rise to ferrous sulphide which 1s sometimes precipitated 
in the form of pyrite crystals or grains 

Red mud occupies an area equal to one per cent. of the 
atea under blue mud [t occurs opposite the mouth of the 
Amazon in the Atlantic and opposite the mouth of the 
Yangtze in the Pacific Its development is due, evidently, 
to the lateritic sotl washed away by these rivers It gets 
its red hue from the ferric oxide m it Its composition 
varies greatly but normally it contains a somewhat smaller 
quantity of clay particles (up to 70 per cent) than blue mud 
and there have been cascs where as much as 60 per cent 
of it bas been found to consist of carbonates It always 
contains a small quantity of quartz Lrhe blue mud it 
contains the remains of marine organisms 

Green mud or sand occurs in the highest sections of the 
bathyal zone at a depth of 180 2300 metres It owes its 
green colour to glauconite which forms with the partici 
pation of organic substances released by the decomposition 
Of organisms Green mud contains a considerably smaller 
quantity of clay particles than e:ther red or blue mud— 
usually not more than 48 per cent On the other hand the 
content of lime is rather large sometimes more than 
9060 per cent Glauconite sediments have formed in all 
periods of the Earth s life but they occur most frequently 
in Cretaceous and post Cretaceous deposits 

Volcante sand and mud are found around voleanic islands 
and coastal regions with volcanic activity Maternal ejected 
by volcanoes mixes with bottom sediments and  conse- 
quently is regarded as a polluting element in basic sedi 
ments 

Coral sand and mud occur in regions with developed 
Coral structures which are either islands or barner reefs 
stretching for a long distance along the coast of continents 
as for example the Great Barrier Reef off the east coast 
of Australia Sediments of this kind are Particularly abun- 
dant on the floor of the tropical part of the Pacific Coral 
mud consists mainly of calcareous material and egntains 
an insignificant quantity of clay particles 

In the abyssal zone scdiments form chiefly through the 
accumulation of organic matter the mineral Impurities 12 
these sediments are volcanic ash and cosmic dust Ooze tahe3 
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its name from the marine organisms predominant tn it 
viz foramimtfcral pteropod coccolithic diatomaccons and 
radiolarian ooze 

Red abyssal mud occurs in deep parts (4 800 & 200 metres) 
of the ocean Unlike the red mud of the bathyal zone it 
occupics huge expanses which together are almot four 
times bigger than tho area occupied by blue mud Tho 
colour of this mud varics from bright red to chocolate and 
im some areas it has blue shades It 19 delicate and plastic 
When wet and hard and brittle when dr, It originates 
from the decomposition of volcanic ash which may contain 
a small quantity of terrgenous dust and the insoluble 
remains of shells of foraminifera and other plankton In 
some parts of the ocean tho siliceous skeletal remains of 
radiolarians and diatoms also play an essential part in the 
composition of abyssal mud manganese nodules hhewsse 
occur here and there 

Marine sediments aro heterogenous over large areas The 
bedding and lithological composition of these sediments 
and also the quantity of organic rmpuritics in them depend 
on depth the presenee of currents the distance from the 
shore the salinity of the water and other factors Along 
rocky shores for example the sediments consist chiefly 
of large roch fragments Seaward these fragments give Way 
to more or less well rounded pebbles and then to deposits of 
sand in which quartz gratns predominate Still farther away 
the sand deposits are replaced by sediments of clay and silt 

Each of these sediments has its own lithological! character 
or facies The distribution of facies as desernbed above 15 a 
feature of marine deposits But because of the epeirogenic 
movements on the surface of the land mass expressed 
deformations of the Earth s crust a definite change of facies 
in one and the same area 1s observed in time When a section 
of a land area sinks below sea level its shore 1s flooded and 
the coastal belt moves inland As a consequence the coars 
est sediments gradually move in the same direction as 
the sca In the end the coarse sediments will be slowly 
covered by cver finer material (Fig 83) This 1s called a 
transgressive series of sediments because it 1s evidence 


that a section of the sca is growing decper and consequently 
that the sea 1s encroaching upon the land 
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The yeverse 18 observerdl when the sea retreats Coarse 
material will move in the same direction as the sea and 
cover ever finer sediments In this case the bottom layers 
will consist of the finest and the top layers of the coarsest 
material This series of sediments is called regressive 








Fig 83 Distribution of marine factes durmg 
4 transgression of the sea 
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Repeated deformations of the Earths crust may be 
accompamed by repeated transgressive and regressive 
movements of the sea and by the superimposition of sed1 
ments of one over other facies 

In the long run the destructive and constructive work 
of the sea changes the outlines of shores levels out the relief 
of the Earth s surface through the denudation of continents 
and the filling of sea troughs where sediments accumulate 
This process of rock accumulation in seas and oceans began 
with the beginning of time Today these rocks he in thick 
series and mahe up the upper part of the Earths crust 


GUCOLOGICAL ACTIVITY O1 LAKES AND SWAMPS 


Lakes Lakes are sheets of water on the surface of conti 
nents They have no direct. outlet to seas The centre of 
a lake is usually deep and no offshore vegetation can grow 
there The size of a lahe ranges from less than one square 
hilometre to such giant reservoirs as the Caspran and Aral 
seas whose water area extends over tens and hundreds of 
thousands of square hilometres 

The hollows or basing holding lakes owe their origin to 
various factors There are numerous lakes whose basins 
have been carved out by, ancient glaciers Some of the 
basins those of lakes Baikal and Issyh Kul for example, 
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are tecLomc depressions (grabens), most of which are very 
decp In mountain regions Jakes frequently form os a 
result of tho damming up of rivers by roch falls for exam 
ple Jakes Sarez and Yasluk Kul in the Pamirs Lakes 
also occupy the craters of extinct volcanoes or karst srnks 

Lakes occupy 61 per cent of the Earth s land arca The 
water regime and the mineral content of tho water depend 
on the climate 

The following figures show tho salinity of some Jakes 
(in per cent) 


Gasman Sth aah 
Aral Sea 1 OS 
Diad Set 23 7 
Lake sah 27 1 
Lakes Elton and Bashunch1h 28 a2 


According to their water regimes lakes are divided into 
the following two groups 

4 Running water lakes which are fed by rivers and 
give their Water to other reservoirs or rivers (for example 
lakes Ladoga and Baikal) 

2 Lakes without outlets These are fed by rivers but 
expend water only on evaporation (the Caspian and Aral 
seas—the former receives its Waters from the Volga the 
Ural the Kura the Terch and other big rivers and the 
latter from the Syr Darya and the Amu Darya Lake Bal 
hhash which 1s fed by the Ih Issyk Kul which 1s fed by 
the Karakolka and other small rivers) 

The geological importance of running water lakes and 
lakes without outlets 1s extremely varied 

Running water lakes receive mineral sediments trans 
ported by myers and the manner in which they are filled 
depends an their size and depth Shallow ldakes usually 
accumulate only coarse mincral material the silt 1s carried 
away by outflowimg mvers On the other hand the water 
of the rivers flowing aut of hig lakes 1s in most cases ab 
solutely transparent An example of this 1s the Angara 
Riser which flows out of Lake Barkal Its waters are trans 
Parent in winter and summer alzhe Small and shallow 
basins are obyiously filled with detmtal deposits faster 
than big and deep lakes Another point that must not be 
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overlooked 18 that sedi 
ments aro accumulated 
faster near the mouths 
Of inflowing streams and 
along shores 

In Jakes as 10 Stas 
and oceans, water masses pa 
move inwaves but tides | 
play hardly any role 
at all In some of the 
big Jakes a movement 
of the water table caused 
by a change mn tho baro 
metric pressure of the air 
can be observed in calm 
weather the water table 
rises a few centimetres 
along ona chore and falls Fig, B4 Beach barrier on the shore 
correspondingly along of Lako Imandra in Ahibiny 
the opposite shore These 
variations in the surface level of lakes are called seiches 

Waves which im some lakes reach a height of three 
or four metres play an important role Asin seas they 
Wear away sliore protuberances tho abraded material is 
transported and sorted (Fig 84) Wave abrasion 1s 
also smportant in the Rybinsh Tsimlyanshoye KAurby- 
-hey and other manmade seas in the Soviet Union 
It frequently destroys shore structures That oxplams 
why the abrasion of water basin shores 1s studied so 
closely 

The shallow water regions of running water lakes are 
usuaily overgrown with rushes vwedge and other motsture- 
loving vepetation As they wither the plants fall to the 
bottom of the basin and stimulate the development of 
luxuriant fungi A mixture of mineral and organic silt 
called sapropel (putrid slime) thus forms on the floor of 
lakes Vegetation encroaches upon an increasing area of 
the water space of a lake being filled with sediments and 
steadily becoming shallower so that gradually, the lake 


ceases to be a water basin and its hollow 1s completely 
filled with vegetable remains—pcat 
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The character of the vegetation in a lake changes with 
time and that 1s why the composition of peat varies from 
bottom to top (Fig 85) At first the vegetation consists 
chiefly of rushes then equiscta and sedge appear then wood 
vegetation and finally moss If the rivers and underground 
waters feeding a lake contain salts of 1ron and manganese 
deposits of iron and manganese ore sometimes of commcr 
cial importance form on the floor of the Jake 
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Fig 8 Structure of a bog formed as a result of the overgrowth 
of a lake by vegetation 
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In lakes with no outlets evaporation increases the salt 
content of the water the highest salinity being at points 
farthest from the mouths of rivers Depending on the miner 
al composition of the water in inflowing rivers the saturated 
waters of a lake (brine) wall precipitate halite (rock salt) 
mirabilite glauberite sodium carbonate or other salts 
Theso Iahes are 1mportant sources of ray matenal for the 
chemical industry 

Suamps Tracts of land saturated by atmospheric precip 
Itation turn into swamps In some cases this 18 a seasona 
plicnomenon but there also are permanent swamps 
atmospheric precipttation is the onl, source of water 
as for example i interMusvial areas which cannot be 
reached by riveror ground waters there is very little mineral 
salts inthe soil This gives rise to special suamp vegetation 
re mos (sphagnum polytrichacac and so forth), which 
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has a very low mineral content The remains of this swamp 
vegetation turn into peat with a ligh calorie and low ash 
content 
Peatbogs form in river Valleys as well But there the 
swamps get their water from three sources precipitation 
rivers and ground waters The salt content of these swamps 
1s much lupher and the vegetation consists of rushes, scdge 
and shrub. The resulting peat therefore has a higher ash 
and smaller calorie content iron (bog) ores otcur im these 
low lying swamps 
ver a long geological period interfluvial and Jow lying 
peatbogs develop into coal deposits As a result of diagenesis 
without the parficipation of oxygen, the carbon of the 
plants does uot turn ito carbon diovide as when wood 
decomposes in the open On the contrary, 1t accumulates 


and the peat gradually is reconstructed into lignite brown 
or hard coal 


MAN AS A GEOLOGICAL AGENT 


Man's geological activity proceeds im three main direc- 
iols 

The first 1s in agneulture Man ploughs up large expanses 
of the Earth s surface fertilises the soil and thus consider- 
ably accelerates soil forming processes In addition man 
takes many measures to facilitate farming For example 
In some regions he drains the soil, in others he floods and 
irtigates it The net result of this activity is that the proc- 
esses of weathering arc further speeded up and developed 

fhe second 1s in geology linked up with tho tapping of 
nature s riches The development of natural resources such 
as ores coal and petroleum 1s steadily expanding and 
spreading to ever new areas and greater depths This wealth, 
given the general name of mimerals occurs everywhere, 
but its quantity and economic importance varies Some 
areas for example may have huge peat deposits lying 
almost at the surface others have deposits of coal which, 
im contrast to peat [rquently hie at great depths 

To develop coal depo.its man builds deep mines pene- 
trates many hundreds of metres into the bosom of the 
Latth and brings toai 10 Vat seriace through a whole system 
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of shafts Big hollows form in the ground where col is 
erttracted with the result that air with sts gag morsture and 
so on petictrates through shafts galleries and other prssages 
and weathering begins where normally it would not have 
occurred By bringing great quantities of minerals and 
barren” rock to the surface of the Llarth and forming 
large waste piles at the mouths of pits man changcs the 
appearance of the Larth » surface and also tha conditions 





Fig 86 Sinking of the surface of an abandoned coal ficld 


in its umterior This actisity results in the deformation 
and sinking of the surfaco layers overlying man made 
hollows (Fig 8&8) 

To develop oil and gasfields man has to dnl wells some 
af which are five cr six kilometres deep Hy so doing he 
evidently starts a scries of new processes Which otherwise 
would have proceeded very slow]y or vould not base taken 
place at all Surface layers may also be deformed by the 
extraction of large quantities of o1! 

The Earth s surface ts changed radically through the 
development of iron coppcr tin lead and other metal 
deposits To cttract these minerals man builds deep mines 
Thus exploiting mineral resources man bodily interferes 
im the life of the Earth s crust 


Lastly the third direction of mans geological activity 
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consists in building surface and underground structures 
In order to erect tall buildings big miils and factories and 
other structures man builds deep foundations for them 
Ho penetrates still deeper into the Earth when he builds 
tunnels for subways 1m cities and also for railways through 
mountains 

Man s importance as an agent accelerating the dispersron 
of mineral masses that had accumulated over a period of 
many hundreds of thousands of years will he readily ap 
preciated if the duration and scale of his geological activity 
is taken inte consideration 

This activity as growing in intensity With the growth 


of man’s knowledge of nature and with the development of 
machines 


DIAGENESIS 


The formation of sediments may be desembed as an 
accumulation of the products of mechanical chemical and 
Organic decay on the floor of basins or on land Scdiments 
Hever remain constant When Wwe compare sedimentary 
rocks of marine or continental origin with the aqueous 
or terrestrial deposits that accumulate before our eyes, 
we shall notice many distinguishing features that are due 
to the changes that take place after sediments are laid 
These changes are caused by the physical, chemical and 
biochemical processes 1n sediments due to interaction with 
the environment These changes embracing dissolution 
recrystalhsation, formation of concretions coal and so 
forth are collectively called deagenesis 

In diagenesis a very essential role is played by chemical 
reactions and the activity of organisms (bacteria) Through 
these processes sediments undergo substantial changes and 
gradually turn into rock 

Dissolution This process may embrace only the top or 
the entire series of sediments on the floor of a basin Orga- 
nisms with easily soluble skeletons (consisting of calerum 
carbonate) are dissolved partially as they sink to the sea 
floor after death During hfe their skeletons are protected 


against dissolution by an organic jacket, which 1s destroyed 
when they die 
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It has been noticed that many fresh water mollushs the 
common pond edentata for example, whose shell 1s protec 
ted by a chitin sheath are hhewise dissolved after death 

Shells consisting of conchite substances dissolve faster 
than any others shells consisting of calcite have a greater 
resistance to the dissolxing action of water Remains of 
marine +ertebrates able to resist dissolution best of all 
for example the auditory mechanrsm of fishes and shark s 
tecth are brought to the surface from the ocean floor during 
deep sea investigations All other parts of the skeletons 
disappear without a trace, dissolving in sea water The 
silicic skeletons of organisms forming siliceous sediments 
take much longer to dissolve 

Hecrystallisattion One of the processes of dragenests 
is that of the recrystallisation of dissolved clements On 
the floor of basins sediments contain particles of mineral 
and organic mattcr As diagenesis proceeds the orgame 
elements in a sediment disintegrate into various new com 
pounds These compounds interact with the mineral cle- 
ments in the sediment to produce new minerals while Some 
of the existing minerals recrystallise In this way lime 
ooze for example turns into limestone 

A silica rich roch called gaize forms when sponge sp 
cules diatom shells and so on are dissolved in the sediments 
on the sca floor The dissolycd material is precipitated as 
opal or chalcedony and cements the clastic clements of a 
scdiment or fills the inner cavities of organisms 

Recrystallisation 1s sometimes a very rapid process as, 
for example during the diagenesis of coral reefs whose 
organic base becomes filled with crystalline Inmestone 
Similar regencrations into solid limestone in which traces 
of organic structure cannot always be found are observed 
among ref building calcarcous algae The rapid regener- 
ation of organic deposits into crystalline limestone 15 
duc mainly to the carbon dioxide Isberated during the 
decomposition of the organic matter of algae Carbon diot 
tde intensively dissolves lime which after the carbon 
dioxide evaporates 1s precipitated im crystalline form 

Formation of Concretions A variety of ceptarian nodules 
or growths (concretions) are frequently eparated when 
rochs dissolve and recrystallise The shape of these con 
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cretions ranges from spherical and ellipsoidal to botryoid- 
al and dendritic Frequently nodules are concentric 
with the mineral shells overlapping each other They usually 
form round some crystallisation centre such as a mincral 
or shell fragment 

Examples of concretions are calcerous nodules in argil 
laceous or marly deposits Coneretions of ferrous carbonate, 
barium carbonate silica and phosphate of lime (phosphor- 
ites) occur frequently The latter are a very valuable raw 
material for the chemical industry particularly for the 
production of fertiliser (superphosphate) 

Conerctions usually have hollows which are filled by 
calcite quartz, pyrite or some other mineral crystals and 
are called geodes 

Dolomitisation The formation of dolomites is another 
manife.tation of diagenesis It 1s surmised that when the 
Inagnesium chloride of sea water interacts with cale:ium 
carbonate it turns into magnesium carbonate while the 
calcium carbonate which dissolves rapidly 1s carried away 
by water currents In one way or another organic processes 
also contribute to the dolomitisation of limestone 

[t has been found that up to 43 per cent of some fossil 
shells which contained only traces of magnesium during 
the fifetame of the animal consist of dolomite This shows 
that in fossil limestone the dolomitisation cvcle takes 
a very fong time 

Decomposition of Silicates Silicates decompose under 
the action of sea water It has been established that at depths 
of over 4 000 metres the ocean floor 1s covered with red 
clay composed of the products of the decomposition of 
silicates which reach the floor as volcanic or cosmic dust 

Red clay 1s composed chiefly of iron rich hydrous sili- 
cates and also of substantial admixtures of othcr minerals 
and remains of silicic organisms There is very little, not 
more than one per cent hme in this clay The various 
nodules that occur in it are mostly mangancse oxides 
whith are regarded as the products of the decomposition of 
volcanic dust Iron 1s also found in manganese concretions 

Role of Bacteria Organic substances decompose rapidly 
on the sea floor particularly where bactena participates 
in the process The molecules of organic substances consist. 
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of carbon oxygen hydrogen mitrogen sulphur phospho- 
rus iron and some other elements Binary compounds, 
mm which water carbon dioxide hydrocarbon ammonia 
hydrogen sulphide hydrogen phosphate and other elements 
play a part form when organic matter decomposes under 
the action of bacteria These compounds dissolve easily 
in Water and influence the minerals with which they come 
into contact It is believed that phosphorites are a product 
of this decomposition 

Suiphates and Sulphides Sulphates (sulphate compounds} 
form in the sea The action of sea water transforms sulphate 
salts For example under the action of carbon they turn 
into carbon dioxide and sulphides which are sulphurous 
compounds of sodium potassium calcium and magnesium 
Lndcr the action of carbon dioxide sulphides turn into 
carbonate compounds and precipitate hydrogen sul 
phide 

Sulphur and Hydrogen Sulphide Albkaline compounds 
are di solved and carried away by sea water while calcium 
carbonate 18 precipitated in the form of a powder lhe 
sediment Bacteria play an important role in this proces 
They also quicken the decomposition of organic substances 
and in some cases eause pure sulphur to be precipitated 
sulphur may thus separate from albumens and then turn 
into hydrogen sulphide In lakes lagoons and seas the 
water contans a large quantity of calcrum sulphate and 
through the bacterial process it may become enriched 
with hydrogen sulphide 

In this respect the Black Sea may serve as an example 
[It is a deep depression separated from the Mediterranean 
by a high sall (the Bosporus 1s nowhere deeper than ceveral 
icns of metres} In the Bosporus there 1s a double current 
fre her water flows into the Mediterranean from the Black 
set on the urface while heavier salt water flows on the 
bottom in the revere direction from the Mediterranean 
to the Black Sea This water cycle only embraces 1 thin 
layer of water not exceeding 200 metres there 13 enough 
oxigen in this layer to allow organic life to Nourish Deeper 
there is hydrogen sulphide whose quantity increa es with 
depth This hydrogen ulphide forms through the vital 
activity of bacteria developing on the Moor hat 15 why 
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No organisms except sulphobacteria can live in the deepest 
parts of the Black Sea 

Lake and Bog Ores Iron accumulates and the reduction 
of ferric oxide [Fe G,] into ferrous oxide [FeO] 15 observed 
in fresh water basins Here the leading role 1s played by 
special bacteria that consume oxygen and release carbon 
dioxide This process 18 very widespread in nature and 
leads to the accumulation of iron ores known as jake 
bog meadow and other ores 

Hydrocarbons The decomposition of organic substances 
may result in the formation of hydrocarbons of which the 
most important are 1) methane or combustible gas which 
is often liberated from the Earth in natural conditions 
2) petroleum and other liquid hydrocarbons 3) ozocerite 
or mineral (fossil) wax, Which 1s a mixture of solid hydro 
carbons and 4) asphalt which 1s a product of petroleum 
oxidation 

Sapropel Organic ooze or sapropel in which a large 
quantity of fresh-water algae 1s buried accumulates on the 
floor of many fresh water lakes In some cases this ooze 18 a 
mixture of organic and morganic substances 1n which the 
former are represented by the remains of microscopic plants 
and organisms animal debrms and so forth In the course 
of diagenesis such ooze may yield many organic compounds 
Various organic products including benzine petroleum 
and parafiin have been obtained from sapropel in the labor 
atory 

Diagenesis 1s observed 2n continental deposits as well 

Peat Coal Anthracite Another manifestation of dia- 
genesis 18 the transformation of plant remains into peat 
and, further into brown coal hard coal and anthracite 
Ii plants decay in the air, their organic parts disintegrate 
completely and only a small quantity of mineral fash) sub 
Stances remain On the other hand if they decay where no 
OXyZen reaches them part of the carbon combines with 
oxygen and 1s liberated as marsh gas but the greater por 
lion of :t remains The hydrous elements are removed from 
plants and the vegetable mass is enriched with carbon, 
le 1% coalifies 

Carbon accumulation may be divided into the following 
Stages formation of peat, brown coal hard coal and lastly 
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anthracite In wood the carbon content averages about 
48-49 per cent in peat up to 52 per cent, in brown coal up 
to 62 per cent in hard coal up to 84 percent and in anthra 
cite up to 92 per eent 

Compared with peat brown coal 1s a more compact brown 
black mass With an uneven earthy fracture Usually vege 
table remains can be noticed in it The transitory product 
between peat and brown coal 1s called lignite and retains 
the jorm and siructute of ood 

Hard coal is tough black and very dense There are 
many vafiecties of this coal Some are lustreous fatty in 
appearance burn with a smoky flame and turn into coke 
when burned without oxygen others have a dull lustre 
and burn with a colourless flame Some coals release a 
large quantity of hydrocarbon and are used for the produc 
tion of coal pas others on the contrary have a very low 
fas content 

Anthracite 1s very hard and has a black metallic lustre 
with a greyish tint Although it docs not catch alight 
easily it has a very high calorific capacity 

Hard coal that forms in areas that had once been covered 
with vegetation 1s called autochthonous If the vegetable 
material for its formation 1s brought from afar it 1s called 
allochthonous coal 

Autochthonous coal accumulates in vast swamp ridden 
areas Allochthonous coal may in time form in the mouths 
of the Yentse: the Lena and the Ob which carry huge 
masses of vegetable material that 1s subsequently buried 
in the sediments of the Arctic Occan 


ENDOGENOUS PROCESSES 


In the development of the Barth s crust an :mportant 
role is played hy geological processes engendered by the 
internal forces of the Earth These are called endogenous 
processes and they include the intrusion of magma into 
the Earth's crust and its ejection to the surface from the 
Interior of the Earth tectonic movements of the Earth s 
crust leading to periodic slow uplifts and subsidences of 
Separate regions sharp apd sometimes very violent tremors 
in some parts of the Earth disturbances in the horizontal 
bedding of roch series 

Hypotheses are all we have to go by as regards the nature 
of the internal forces causing the above processes The chief 
of these hypotheses are discussed below 


IGNEOUS ACTIVITY 


The Earth 1s a solid body with a definite thermodynamic 
equilibrium at various depths This equilibrium was estab- 
ished in the process of the Earth s development A dis- 
turbance of this equilibrium im any area (ie a drop in 
pressure or a risc in temperature) rapidly transforms tho 
Earth s mass in the affected foci from a solid to a liquid 
State This transformation 1s accompanid by a colossal 
increase in tolume and by the flow of the resultant white- 

ot silicate mass (magma) to the weakened crustal areas 
where it sometimes rises to tho surface 

Magma forms at great depths (over 60 kilometres) where 
the temperature (1,200-1 500° C and over) exceeds the melt- 
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ing point of rock It is forced to the eurhice evidently 
by hydrostatic pretture whi) beeve the pret ace droge 
whe pa es in the mapina an fnquentl nhaied through 
series of explodons toadeng te a rapid manifestation of 
Iifnmeous activity 

The tertin ineous activity cover the range of proce cs 
linkid up with the activaty ef the Larth + internal forces 
and manife ted in the intrusion of magina Inte the Farth » 
crust or its eruption to the surface with «ub quent solidif 
cation In the first ca co we deal with intrusive and in 
the second with effusive igneous activity ar volcanism 

The solidification of magma produces magmatic rocks 
which depending on how they were formed ote ela <ified 
as intrusive (aby sal} cffisive and bypaby «nl ALL these 
rocks products of uniform primary magmi differ from 
each other by theirehaimical and mincralogicrl composition 

Magma 15 differentiatid be split up inte Layers of 
differcnt composition or specific weight through various 
physical and chemical proce es the lighter elements 
accumulate in the epper layers and the heavier elements 
in the lower Iaycrs 

It as bohesed that inngma diffc rentiation 4s by flucneod 
by diffusion the pa sage of elcctric currents and other 
proce scs 

The extreme forms of difftrentiated magma are granuie 
migma more than 65 per cent of which consi ts of stltes 
and basaltic magma in which the silica content 14 [es than 
oo percent Srlica rich magma is called persilic and magma 
with a low silica content is called basic 

When magma solidifies 1t 1s accompanied by the crystal 
sation of minerals basic mincrals being the first to crystal 
ist 

When magma bursts through the rock mass of the Earths 
crust if melts and absorbs (assimilates) the rocks in its 
path and its composition changes in the process For exam 
ple after absorbing masses of enclosing rocks say lime 
Stone persilic magma loses somo of its acidity In other 
cases after melting and absorbing quartz sandstone or an} 
other similar rock basic magma becomes more acidic 
through an increase in its silica content Minerals that do 
not occur cither in the magma or in the surrounding rocks 
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form at the points of contact between the invading molten 
magma and the cold rocks of the lithosphere These are 
called contact or frequently, ore minerals 


Intrusive Igneous Activity 


Where there 18 intrusive igneous activity, the magma 
invading the Earths crust forms magmatic bodies or 
iitrusions in it The size of these intrusions and their rela 
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Fig 87 Stratification of intrusive and effusive rocks 


tions with the enclosing rocks vary The following types 
Of intrusions are distinguished (Fig 87) 

Batholiihs—large magmatic bodies af irregular shape 
with steeply dipping sides They are formed when magma 
Solidifies at considerable depths in the central parts of 
folded areas The surrounding rocks are breached as it 
Were, and for that reason batholiths are not bedded in 
conformity with them They are formed chicly by acid 
rochs of the granite type (western part of the Zeravshan 
Range in the Pamirs) 

Sfocks—mrapmatic bodies that are considerably smaller 
than batholiths (less than 100 square kilometres) but with 
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the same conditions of formation shape and rock compo 
nents 

faccoliths—dome like bodies with a convex sutface and 
a flat base Their diameter sacies from hundreds of metres 
to several Kilometres: They dome up overlying rocks and 
are concordant with them [eolated mountains in’ the 
vicinity of Pyatigorsk (Machuk Dachtau /helernaya and 
others} are Laceoliths The cdiments that had formecly 
tan on them have now been almost entirely eroded 40 that 
there are bire igneous rocks on the summits of these moun 
tains 

Fissured intrusions form when magma enter rock fis«ures 
moving away from large intrusive bodies Pistures tnay pase 
along the bedding of enclosing rocks (intrusive sheets} 
or cross it in various directions (discordant of tran gressive 
intrusions) Corre pondingly the correlation between the 
fissured intrusions and the enclosing rock may alco be 
dafferent Fractured intrusive bodies ate called reins AS 
a result of denudation the discordant rocks encloung a vein 
may disintegrate while the rocks farming the fiesured 
intrusions remain intact and form a wall like outlet The c 
formations are called dyles 

Sheet teins are large intrusive bodies that can be traced 
over big arens and occur betucen layers of enclosing rocks 
conformably with the latter These vcins can be 45 00 mets 
and over thick and 150 200 kilometres long cro $s veins are 
from one to three metres thick sometimes thicker 

A study of the bedding of intrusive bodies and the laws 
governing therr distribution in spice is important to thrors 


and practice because deposits of many valuable minerals 
are related to them 


Etfusive Igneous Activity or Velcanism 


Voleanic eruptions are among the most awe inspimng and 
formidable phenomena in nature 

When we speah of volcanoes wo generally say they are 
active or extinct but this division is purely conventional 
There have been cases of volcanoes unetpeectedly becoming 
active after a dormant period of many centuries in the course 
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of which their sides 
Wete covered with 
forests and their crat 
ers became converted 
into lakes In practice 
only those volcanoes 
may be regarded as 
extinct about whose 
activity no informa 
tion has been handed 
down to us Active 
volcanoes are consid 
ered those which 
continue to erupt or 
had erupted in the 
course of Lnown his 
tory in the world 
today there are 476 
active and more than 
4000 extinct vole. 
hoes 

Mount Vesuvius 
(Fig 88) which stands 
on the east side of 
the Bay of Naples Fig 88 Eruption of Mount Vesuvius 
was for a long time 
regarded as extinct 


here were vineyards and orchards on its slopes In the year 
“9A D the volcano suddenly showed sigus of intensive 
activity, ejecting enormous masses of lava and ash Several 
thousand people perished and the cities of Pompei: and Her- 
culaneum situated at its foot were destroyed and buried in 
ash The volcano has been active ever since with fairly long 
periods {of more than a century) of repose between eruptions 
There has been a marked livening up of its activity in 
the past 100150 years Ht last erupted violently in 1944 

Another example 1s Mount Pelee on North Martinique 
Island, which had hhewise been for a long time regarded 
as extinct It erupted in 1902 destroying the city of St 


Pierre and killing its entire population of 29000 with a 
hurricane of hot gases 
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Voleanocs continue to apperr to this day For example 
Mount Paricutin which was active for almost five yaats 
appetrid in Mexico on February 20 1904 

Volceanocs tisc on land and on the Noor of oceans As 
a rule enermous mas es of material are ejected forming 
huge submarine or surface structures 

lor etample the submarine and surface portion of the 
Hawainan type of volcano is about $000 metres An idea 
of how fast volcanic products accumulate is paven by the 
eruption of the Fayak ubmarine volcano in the stores 
North Atlantic where in {997 anew saleintc islet appearcd 
newr the Island of Fayal in three days Ut grew virtually 
bifore the eycs of the eimin who watched the eruption 
its ateq inercasng by 300 square metres every 12 hours 

External Appearance of Volcanoes Usually volcanoes 
are more or Iess tall (upto overal kilometres) conical mount 
ams On the summit there 1s a hollow —a bowl ofr crater— 
through which the volcano crupts (Eig 89) A canal called 
avent funnel through which the erupted mitertal s4 cyocted 
runs down into the volcano from the floor of the crater One 
of the world 3 largest volcanocs Mount Klyuches haya in 
Kamchatka (4850 metres} 339 a cone Mounts Vesusius 
Fuyiyama in Japan Mount Kabo in Africa and others are 
likewise cones 

The craters of many ancicnt volcanoes have one or several 
actisxe volewnoes These craters called calderas have & 
diameter of «cveral tens of hilometres 

Eruption The force of individual eruptions 1s not alw1j3s 
thesame and alternations of periods of lugh and low activity 
may be observed in eich volcano The activity of a volcano 
sometimes gradually increvses and then slowly fades while 
in othor cases a violent and sudden outburst takes place 
és we have already pointed out whole centuries sometimes 
pass betwecn separate outbursts of volewnic activity 

After a violent cruption some volcanocs come almost 
completely to rest and barely smohe at short :nterv1s 
others smoke uninterruptedly and from time to time 
throw out stones and ash and still others periodically eject 
a quiet flow of lava and im the intervals between discharges 


their craters arc filled with molten continuously moving 
ava 
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Fig 89: Tua views of the crater of Poak Kibo 


Products of Eruption Thereare solid liquid and gase- 
ous products of eruption Thesolid products include volcanic 
ash sand lapilli and bombs These products are, as a rule 
ejected in the initial period of eruption Volcante ash con- 
sists of tiny particles of a mineral mass formed through 
the crushing of the rocks of which the vent funne! walls 
consist and also through the dispersal of lava The size of 
these particles ranges from a fraction of a mull:metre to 
several millimetres Particles that are of the size of sand 
grains are called zoleanie sand Bigger particles from one 
to several centimetres are called fapifi: (small stones} 
The following facts show how much ash can be thrown out 
by a volcano When Mount Katmai in Alaska erupted in 
1912 a layer of ask more than four metres thick covered 
the immediate vicinity while on the leeward side this 
layer was ten centimetres thick over a distance of nearly 
100 kilometres About 20 cubic kilometres of solid material 
was ejected by the explosion For GO hours the entire locality 
was enveloped in darkness Rain from voleamic clouds 
poured continuously for 25 hours 

Sometimes the ash 1s so fine that a gas explosion lifts 
it to 1n altitude of more than ten hilometres where it 15 
picked up by air currents and carried for a long time in 
the lower layers of the stratosphere In 1883 for example 
there was a tremendous eruption of Mount Krakatau 1n 
the centre of the Sunda Strait This cruption threw out 
such a colossal quantity of ash that :t floated in the strat 
osphere for more than a year causing strange sunrise and 
sunset conditions 

If rain falls while ash 1s being ejected liquid mud will 
rush down the slopes of the volcano causing enormous 
destruction in the surrounding countryside 

Even big preces of solid lava may be ejected by a volcano 
Hunne violent emissions of sas Thrown into the air to a 
height of many hundreds of metres these pleces are given 
a spindle like shape by therr own rotation They retam 
this shape if they have had time to chill before falling on 
the ground if not the impact flattens them out Whole 
sections Weighing many tens of tons are sometimes torn off 
the rochs around the crater of a volcano Tossed hundreds 
of metres into the air they drop on the slopes of the volcano 
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These pieces of lava and rock from eight to ten centime 
tres to several metres in size are called zoleanic bombs 
(Fig 90) 

Gases ash lapill:s and bombs are frequently ejected 
uniformly but in some cases these ejections take the form 
of giant explosions that blow up the crater throwing the 
whole cone of the volcano into the atr and leaving a deep 
hollow in its place 





Fig 90 Volcanic bombs 


The ash and sand raining down on the slopes at first are 
a loose mass, which gradually becomes compact under 
its own Weight and the action of water untz) it solidifies 
Into rock called volcanic tuff The volcanic ash and sand 
falling on the surface of lakes and seas sink to the bottom, 
where they are buried by silt and sand The resultant rock 
of volcanic and sedimentary origin 18 called tuffite 

Volcanie Gases The most important of these are water 
Yapours which often constitute a substantial part of the 
gaseous emissions The other gases include hydrogen chlo- 
Tine sulphur nitrogen carbon oxygen sometimes carbon 
dioxide and methane and in many cases hydrogen chloride 
hydrogen sulphide sulphur dioxide ammonia ammonium 
chloride and ammonium carbonate 
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Gases issue not only from the crater itself but also from 
rents on the slopes of the volcano and at its foot These 
smoking rents are called fumaroles The gases are lrberated 
as dense vapours or smoke The chemical composition of 
fumaroles depends largely on the temperature which 1s 
very high at the beginning of an eruption especially around 
the crater and then falls at the end and after the eruption 
At the beginning of an eruption fumaroles consist chielly 
of halogens (Ci F) and when the temperature drops to 
100 180 C sulphur dioxide begins to predominate in them 
Fumaroles in which sulphur dioxide predominates are called 
solfatara The next stage (1n some volcanoes) 15 one 19 which 
boron (soffion:) predominates and in the last stage of its 
activity (moffette stage) a volcano liberates carbon dioxide 

Voleante Lata Lava is the molten mass ejected by vol 
canoes The difference between lava and magma 1s that it 
degasses as 1t issucs from a crater Its temperature 1s usually 
1 000 1 200°C 

The chemical composition and physical properties of 
lava vary In some cases there are large quantities of silicon 
oxide {acid lava) This lava is very viscous and forms 
blocks of molten material Lava containing a smaller quant 
ity of silica is more fluid (basic lava} She most mobile 
are ultra basic lavas 

The lava that was ejected hy Mount Pelee 1s an example 
of acid viscous lava It was so dense that 1t formed a hind 
of tower over the crater This tower was nearly 300 metres 
high but it cracked and disintegrated as 1t cooled 

The java of the volcanoes on the Hawatan Islands 1s 
quite different 1n composition and its properties are different 
too [tis of the basaltic type which 1s rich in ferruginous 
and magnesial compounds and poor in Silica It 15 so fluid 
and mobile that it forms streams flowing down the slopes 
of volcanoes and where there are benches it rushes down 
lithe a waterfali to form a lava cascade (Fig 91) 

Acid lavas which are Inghtiy (pink grey) coloured are 
relatively light viscous rich in gases and cool slow) 
Basic lavas are dark (darth ftey preen black) flmd and 
fusible and have a low gas content 

All products ejected by volceanocs take part in forming 
the Earth s crust They account for 51 52 per cent of the 
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rochs ejected to the surface The diversity of the ejected. 
rocks 1s due not to any diversity of the initial magma 
material, as was formerly thought, but to differences in 
the common magmas specific weight temperature the 
crystallisation of the various components In it and so on 

Most authors agree that common magma has a basaltic 
type of composition 
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Fig 9f A lava cascade in Hawai 


At a given eruption the mimeral composition of lava 1s 
the same as that of its solid products (voleanic ash Jamil 
and bombs) 

The quantity of products ejected by a volcano differs with 
every eruption Volcanologists consider that since the year 
1000 to our day the Harth s volcanoes have ejected not les 
than 300 cubic kilometres of looSe products and 50 cubic 
hilometres of lava 

The structure of a volcanic cone depends on the nature 
of the products ejected by the volcano A voleano that 
ejects principally lava will have very gentle slopes even 
if it 1s a very tall mountain 

A volcano that builds 11s cone of cooled streams of lava 
and layers of tuff has steep sides {the angle sometimes being 
as high as 35-40%) 

A feature at some volcanoes 18 that they erupt nat only 
through their craters hut also through fissures 1n the slopes 
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and at the foot These small craters are called parasitic 
voleanoes and are to be seen on Mount Etna and other 
volcanoes 

Classification of Volcanoes By the character of their 
activity volcanoes are classified as follows 

1 Hauanan Type This type occurs on the Hawaiian 
Islands (Mauna Loa Kilauea and others) They are charac 
terised by mobile lava of basic (basaltic) composition and 
a quiet emission of gases and vapours hardly any solid 
products are ejected The lava filling the craters 15 In con- 
tinuous motion and boils slowly all the time It sometimes 
Spurts out in fountaims that rise for a few minutes to 4 
height of several tens of metres and then disappear After 
the crater 1s filled to the brim lava flows down the sides 
of the voleano The size of the laya streams which are 
sometimes huge and stretch for scores of kilometres depends 
on how much lava issues into the crater from the depths 
of the Earth These volcanoes have gently sloping sides 

2 Strembelian Type This type 1s represented by the 
volcano Stromboli in the Mediterranean It likewise 
ejects basaltic uid Java but in contrast to the Hawanan 
volcanoes it liberates large quantities of gases and casts Up 
hombs and ash The bombs are frequently twisted and the 
java asin the case of the Hawauan volcanoes hasa wavy 
surtace 

3 besui:san Type The lava from these volcanoes con 
tains a someWhat greater quantity of silica 1t 1s more 
viscous and frequently corhs up the crater vent with the 
result that pases and vapours accumulate deep in the ground 
This 13 often the cause of underground tremors before an 
eruption and then of a powerful explosion that throws a 
great mass of ash lamilli and bombs into the air Because 
the lava 1s vi cous the bombs are not twisted and when 
they fall on the ground they flatten out into pancakes 
The streams of lava do not spread far and when they cool 
they form shapeless boulders This type includes the vol 
canoes in Kamchatha Mount Etna in Sicily Vesuvius 10 
Italy and Mount \Vulcano on the southernmost of the 


Lipari Istands tn the Mediterranean 
F 


2 Pelean Type This type of volcano ejects viscous 
laxa which hardens in the volcano vent blocking the 
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passage for gases and vapours That explains why eruptions 
are accompanied by violent underground tremors and by 
explosions that cast up an enormous quantity of vapours 
fases ash, lapril, and bombs These volcanoes release very 
hot gases (700°C and over} For that reason the clouds 
of gas and ash coming down the slopes with the velocity 
of an atmospheric cyclone (scorching clouds) destroy ever} 

thing in their path Such clouds destroyed the town of 





hig 9° Section of a maar 


Saint Pierre on Martinique Island when Mount Pelee 
erupted 

5 Bandar Type Eruptions of these volcanoes are accom- 
panied by severe tremors and explosions and the casting 
up of huge quantities of gases and ash A violent explosion 
Sometimes blows off an entire volcano aS was the case witn 
Bandai Krakatau Katmai and other volcanoes There may 
be no lava during an eruption, the reason being evidently 
that the magma feeding the volcano has a very high acid 
content and 1s consequently extremely viscous 

G Volcanic Pipes (Diatremes) These volcanoes form as 
a result of a single violent emission of gases without the 
appearance of lava They consist of an oval vent, whose 
mouth ot crater Js a cup shaped hollow with gently sloping 
sides and with a diameter ranging from several tens of 
metres to three or four kilometres The floor of the crater 
is below the Earth s surface The craters of some of these 
volcanoes are surrounded by a rampart of ejected volcanic 
tuff fragments Some craters are occupied by lakes {maars) 
(Fig 92) but in most cases they have been comnletely 
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destroyed by exogenie processes and the vents (explosion 
pipes) reach the surface Volcanoes of this type occur in 
Germany (there are nearly 130 in Enfel), Africa (the dia 
mond bearing ptpes in the Kimberley Mountaims) the 
Sovict Union (Kimberley type prpes in Yahutia} Mexico 
and other areas 

Fissure Volcanoes The volcanoes described above have 
a definite feeding centre and are therefore called central 
volcanoes In contrast to them there are fissure volcanoes 
which eject gases and Java not through a central crater but 
through tcctomic fissures In some places iftssures may 
appear as volcanie piles fed from a common magmatic 
chamber The volcanoes m [Iceland are typical examples 
Some of the fissures are 40 kilometres long and eject huge 
masses of lava which covers large areas on cither éide 
Frequentl, along fissures there are rows of volcanic piles 

Many fissure volcanoes are not conical and the lava 
spreads on the surface These lava sheets differ from the 
lava streams of central volcanoes The latter are rarely 
wider than a kilometre at the base of the volcano or thicker 
than 100 metres they are 10-20 hilometres long and some- 
times longer In contrast the lava sheets frequently occupy 
enormous areas The sheets of some ancient volcanoes cover 
areas of tens and hundreds of thousands of square hilome 
tres (in Armenia the Deccan Plateay in India in South 
America and elsewhere} 

At present chiefly central volcanoes occur Fissure and 
areal eruptions predominated in distant geological epochs 
when the Earth s crust was thinner 

Lava pouring out to the surface forms strrams sheets 
and domes It hardens inte a crust which is a poor con 
ductor of heat wath the result that lava continues to flow 
under this crust for many days after an eruption That 3s 
why there are o many hollows tn lava streams and shects 
Some of them are very big On the slopes of Mount Shasta 
California for example there 1s a hollow which 15 20 25 
metres high 6-20 metres wide and more than 1 5 kilometres 
long The thickne 3 of the roof varies {rom 3 to 20 metres 

Inthe LSS RK there are hollows an Java sheets around 


Lake Sevan in Armenia Dry hollows are often used ag en 
clo ures for Itvestockh 
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Fissures and faults which break the roch complex ito 
more or less regular jointings, form on the surface of Java as 
a result of asynchronous hardening Columnar and prismatic 
yointings ara a feature of basic rochs, and hummoch and 
other joimtings—of acid rocks 


Dist ribution of Volcanoes Volcanoes are unesenly 
distributed on thy Larth's surface Somecontinents Austra- 
lia, for example, have no volcanoes at all In Europe if 
Sicily and the islands adjoining it are not taken inte con- 
sideration, there 18 only one volcano—Vesuvius which 
stands in the Apenmines Afmca has quitoa few In Asia they 
are concentrated in Aamchatha <A proup of apparently 
extinct volcanoes is known in Manchuria Jn the Caucasus 
Mounts Elbrus and Ararat were active at a comparatively 
recent date Two big volcanoes have been discovered in 
the Antarctic The largest number of known volcanoes 1s on 
the Pacific seaboard of America 


The principal volcanic region 18 yn the Pacific islands 
adjoining tho Asian continent tho Aleutian Islands the 
Kurt Islands Japan the Sunda Islands the Philippines 
New Guinea, and others Some of the voleanoes on these 
islands are huge structures characterised by intensive activ~ 
ity in the Atlantic Ocean there are volcanoes in Ieclind 
on the Cape Verde Islands, the Canary Islands and the 
Lesser Antilles 


The main regions where volcanoes occur arc thus the Pacil 
ic volcanic ring the Mediterranean Iatitudinal belt, the 
castern margin of the Atlantic and the East African merid 
fonal helt 

Geological data shows that all voleanocs are related to 
areas of comparatively recent tectonic faults in the [arth s 
crust These faults usually Hie along the const of oceans and 
eeas but many occur deep inland as well 

Volcanoesinthe U SSR TheSavict Union has active 
Volcanoes in Kamchatka and on the Kuril Islands These 
belong to the Pacific ring 

The volcanoes in Kamchatka were first deteribed by 
S Krasheninnihos, who gave a general idea of the volcanic 
nature of this peninsula Farly in the twenticth century, 
the Ramchatha voleanocs were Investigated by A Bogda- 
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novich S Konradi and VY Aomaro. «and in recent years 
by A Zavanishy 

The Kamchatka voletnoes are arranged in three more or 
less parallel rows stretching along the peninsula parallel 
with its three mountain ranges Altogether there are 150 
known voleanocs in the peninsula Of these 22 are ictive 
and 108 have shown No signs of activity 1s long as man can 
remember All are in the southern half of Kamchatha 
the active ones being concentrated in the castern pitt 
the northern part of the peninsula is evidently, devoid 
of volcanoes 

Mount Kiyuchevshaya (4 850 metres) 1s the biggest of 
the Kamchatha volcanoes It 1s tho third highest volcanic 
cone in the world after Mount Arlimanyaro (6 110 metres) 
in Africa and Mount Cotopaxi (5 960 metres) in the South 
American Andes Klyuchevshaya crupts very frequently 
Sometimes these are short explosions, but there have been 
periods when the volcano was continuously active for 
three years consecutively KAlyuchevshaya s last major 
eruption took place in 1996 (Fig 93) 

Next to hlyuchevshaya there are the large Mount Uthin 
skaya (3 352 metres) and the somewhat smaller Mount 
Krestovaya These three form a single volcanic group 

South of this group is the active flat Mount Tolbachik 
and on the shore of Kronovaya Bay stand Mount hronot 
shaya (3 033 metres) Great and Little Semyachikhi Mount 
Zhupanova {2 080 metres) Mount Avachinshaya (2 547 me 
tres) and Mount Koryatshaya (or Streloshniya) On the 
southernmost tip of Kamchatha are mounts Viluchinskaya 
Opalnaya Galigina and ‘avina 

Near Klyuchevskhaya there is a volcanological station 
that keeps it and other Kamchatka volcanocs under obser 
vation More information is available about Kiyuchev- 
skaya than any other Kamchatka volcano It has been 
learned that there have been about 20 major eruptions 
in the past 200 years The volcano is active al! the time 
releasing a small quantity of gas and ash during periods 
of relative calm From time to time it also ejects some 
liquid Ja,a which 1s adding to the height of the 


con¢é On its peak the voleano wears a cap of eternal 
ice 
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During periods of intensive activity Klyuchevskaya some 
times disgorges as much as four and a half cubic kilometres 
of lava Compared with the volume of the volcano itself 
(3 400 cubic kilometres), this quantity shows that about 
700 major eruptions were required te form hlyuchevshay1 s 
precent cone Available data indicate that the volcano 
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Fig 93 Eruption of Mount Klyucheyshaya 


ejects large quantities of lava once every seven or eight 
Years On the basis of this data 1 may be surmised that 
Klyuchevshaya appeared about 5 000 years ago (providing 
the character of its activity has remained unchanged in 
this span of time) 

Mud Volcanoes Mud volcanoes or mud cones are pseudo 
Yoleanoes of exogenous origin Outwardly they are small 
copies of volcanoes and are widespread in oilfields There 
are mud volcanoes for example in the Taman and kerch 


peninstllas in Kabristan (Azerbaijan) and also in Rumamia 
China Italy and other countries 
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They occur over faults in the upper layers of the Larth’s 
crust and are conical elevations with a crater on the summit 
Mud and petroleum gas often self igniting are ejected pe 
riodically through the vent The size virics from a few 
centimetres to hundreds of metres The cones of mud vol- 
Canoes consist of roch fragments cemented together by 
ejected clay 

This clay 1s mixed with water containing salts of sodium 
chlorate sodium sulphate boron iodine and bromine 
Fairly hot it flows peacefully out of the crater, but from 
timo to time the voleano ejects a large quantity of highly 
inflammable hydrocarbon gas A column of flame some 
times shoots scores of metres into the air 

Salses resemble mud volcanoes in size and appearance 
They occur around active and recently extinct volcanoes 
1e they are associated with post volcanic activity Dur 
ing an eruption they eject water vapours mud (a mixture 
of clay and ash) hydrogen sulphide and sulphur oxide 
There are salses in Sicily Java and other areas 

Geysers and thermal and thermo mineral springs are 
also associated with post volcanic activity 


MOVEMENT OF THE CLARTH S CRUST 


The Earth s crust 1s in constant motion through the action 
of internal forces This 1s manifested in huge downwarps 
and uplifts the compression of layers into folds and the 
rupturing of rock strata 7 

These movements are due to what are called tectonic 
forces whose activity imtroduces essential changes into 
the structure of the Earths crust The activity of the 
Barth s internal forces manvfests itself most stmbkingly 


through earthquakhes—crustal movements that can be directly 
observed and studied 


Earthquakes 


Earthquakes are natural calamities They devastate big 
areas take a large toll of human lives and destroy whole 
towns However the yearly number of destructive carth 
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quakes rarely exceeds ten although the Earth s crust an 
nually experiences several hundred thousand shocks and 
ceems to be continuously pulsating Most of these shocks 
are very weak and can only be registered by instruments 
called seismographs The science of earthquakes 1s called 
seismology 

Originof Earthquakes Earthquakes are divided into 
three groups depending on the causes that produced them 

{ Fall earthquakes—caused by large rock falls down 
the sides of mountains or the collapse of the roofs of caves 
They have an insignificant radius of action 

2 Volcanic earthquakes—caused by the activity of vol- 
canoes In many cases these earthquakes precede volcanic 
eruptions but most frequently they accompany them 
Volcanic earthquakes are felt over an mcomparably larger 
area than earthquakes of the first group 

3 Tectonic ecarthquakes~accompany, Mountain making 
processes They are the most widespread type of earthquake 

Fall Earthguakes These carthquakes may be described 
as pscudo seismic phenomena 

Voleante Earthquakes In regions with active volcanoes 
Kamchatka for example violent shocks frequently precede 
oF accompany the eruption of volcanoes Severe earthquakes 
accompanied the eruptions of Mauna Loa and Kalauea on 
the Hawanan Islands A catastrophic earthquake accompa- 
med the eruption of Krakatau in the Sunda Strait The 
explosion and shoch gave rise to an enormous tidal wave 
which swept the entire population off the low lying 1slands 
in the region of the volcano and wrought great destruction 
in Sumatra Java and other neighbouring islands 

Tectonic Larthquakes These earthquakes oceur chiefly 
in the sialic shell, at depths of up to 70 kilometres Earth- 
quakes have also been registered at greater depths—800 kil 
OMetres in the Sea of Ohhotsh 

Earthquakes caused by tectonic forces are concentrated 
in two regions one 1s in the belt of mountain ranges cncirec- 
hhng the Pacific Ocean and embraces the adjoining tslands 
and peninsulas the other stretches eastward from the 
Gulf of Mexico embraces the Mediterranean seaboard and 
links up with the Pacific earthquake belt via thea Caucasian 
and Contra] Asian mountain s}stems Other se:sm2e areas 
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mclude the Mid Atlantic Range and the region of the 
creat lakes in East Africa Earthquakes thus oceur in regions 
of recent orogeny (Alpine folding) and in adjoining regions 
of old orogeny that are undergoing modern (Alpine) folding 
1e are im a stage in which the geological structure 1s 
changing Earthquakes are much more violent in the latter 
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Fig ‘: Cracks formed by an carthquake 


regions because of the faulted structure Moving at various 
speeds in different directions these faults open the ancient 
faults that had been closed by igneous activity and cause 
new faults to appear This activity 15 accompanied by 
severe earthquakes such as the 11 12 point earthquako in 
the Gobi Altai area in 1957 For its mieroeffect at was the 
Most viol.ut carthquake Tt history Kepercussions of the 
earthquakes in these regions are felt over enormous distar 

ces In 19:0 for example the shocks caused by an earth 

quake in the Carpathians were felt in Moscow [.harkor 

Voronezh Kiev Lvyov and other cities between Moscow 
and the Carpathian Mountains These flatland earthquakes 
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are Tare phenomena and never cause any noticeable destruc 
tion or casualties 


Karthquakes are much stronger in mountain and pied- 
Mont regions regarded as young folded structures Severe 
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Fig 9. This house destroyed by the 19, 
in Athhhahad was built o 
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include the Mid Atlantic Range and the region of the 
great lakes in East Africa Earthquakes thus occur mm regions 
of recent orogeny (Alpine folding) and in adjoining regions 
of old orogeny that are undergoing modern (Alpine) folding 
1e@ are im a stage in which the geological structure 15 
changing Earthquakes are much more violent in the latter 
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Fig 94 Crachs formed by an earthquake 


regions becau ¢ of the faulted structure Moving at various 
«peeds in diffcrent directions these faults open the ancient 
faults that had been clo ed by igneous activity and cau & 
new faults to appear This activity 19 accompanied by 
cvert earthquakes uch as the 4f £2 point earthquake in 
the Gohi A!tar area in 4907 For its microcfifcct it was the 
mot violent earthquake in history Repercu sions of the 
earthquakes in the e regions orc folt over cnormous distan 

ces In 43.9 for examph the hocks cau ed by an earth 

quake on the Carpathians eere fc]t in Mio cow Kharho’ 

Ver neth AKiev Isav anil other cttics between Mo co 
and the Carpathian Mountains The e fatlaind earthquakes 
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is traced on this cylinder when there are no earthquakes 
and the ground does not vibrate But when there 1s a trem 
or the pendulum remains at rest thanks to the weight 
but the cylinder starts revolvingtand the point of the pen- 





Pir 96 A Golitsyn seismograph_and a setsmogram produced by at 


dulum traces a wavy line on 1t The size of the waves of 
this ling depends on the foree of the tremors The resultant 
record 1s called a se:smogram A vertical pendulum is used 
for tecording horizontal vibrations Vertical vibrations 
are recorded with a horizontal pendulum The true direc 
tron of vibrationsis determined with both pendulums work- 
inf simultaneously 

The Golitsyn ecismograph 1s an improvement over all 
existing instruments of its hind It 1s used by «evemological 
stations in the Soviet Union and abroad (Fig 96) 
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earthquakes occur for example in the Tien Shan ond 
Pamir mountains The esty of Alma Ata wis shaken by 
violent carthquakes in 1852 and 19{1 The latter earthquake 
(January 4) occurred in the hebin River valley somewhat 
to the south of Alma Ata [t was eteeptionally severe both 
as regards its force and area of propagation The under 
sround shocks from this carthquike were felt in an area 
of more than a million square kilometres The shock wave 
spread all over the Darth and circled the globe three times 
In somo areas so many cracks appeared in the ground that 
it seemed it had been furrowed by a gogantic plough 
{Fig 94) 

The shochs from the carthquakes in the foothills of the 
Pamir and Ticn Shan mountains are likewise fairly severe 
In Tashkent and Samarkand for example they cause 
cracks to appear in walls and destroy badly built houses 
There were destructive carthquthes in Ashkhabad in 1929 
and 1918 (Fig 95) whose hypocentres were at a depth 
of 1920 kilometres The hypocentre of the destructive 
Agadir carthquake in 1960 was at a depth of five to ten 
hilometres 

Severe earthquakes occur almost throughout the area 
covered by the two above mentioned belts (in Italy, China 
Japan and other countries) 

fpicentre and Hypocentre The force of earthquakes 15 
not the same at different points of the Earth s surface The 
point on the surface where an carthquake achieves 15 
greatest force 1s called the epicentre Vertically beneath 
it is the hypocentre the point where an carthquake orig! 
nates Under the influence of for example tectonte forces 
powerful shocks occur in the hypocentre These cause un 
dulatory o cillations that are trinsmitted vertically to 
the epicentre and also horizontally along spheroidal sur 
faces throughout the entire body of the Earth 

Sersmograph and Se:smogram The tremors started by 
these shocks are studied on the Earth s surface witb 10 
struments called seismographs which are a hind of pen 
dulum ‘There sre a great variety of pendulum systems 
If the pendulum 1s vertical a weight with a tapering point 
is suspended from 3t on a thin wire Tho point is sct over 
a cylinder which 1s turned by clockwork A straight line 
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is trated on this cylinder when there are no earthquakes 
and the ground does not vibrate But when there 1s atrem 
or the pendulum remains at rest thanks to the weight 
but the cylinder starts revolving*and the point of the pen 





Fig 96 A Golitsyn seismograph and a selsmogram produced by 1t 


dulum traces a Wavy line on ut The size of the waves of 
this line depends on the force of the tremors The resultant 
record 1s called a sexsmogram A vertical pendulum 35 used 
for recording horizontal vibrations Vertieal vibrations 
are recorded with a horizontal pendulum The true direc 
tron of vibrationsis determined with both pendulums work 
ing sunultaneously 

The Goltsyn seismograph 1s an improvement over all 
existing instruments of its hind It 1s used by seismological 
Stations in the Soviet Union and abroad (Fig 96} 
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The design and operation of sersmographs have been fur 
ther umproved in the Soviet Unton an recent years The 
new ynstruinents developed by P Nikiforow \  Donch 
hovsky D kKirnos and D hharin proved to be the most 


sensitive and are in use at new scismological centres in 
the Sovict Union 
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Fig 37 ‘A bouse destroyed by shock waves moving in differcnt 
directions 


Movement of the Earth s Crust During Earthquakes 
By comparing seismograms 1t was found possiblo to 
establish the nature of themo.ements arising ina hypocentre 
Two ty pes of vibrations have been distinguished 1) longrtt 
dinal or compressional and 2) franszersal or distortronal 

Longitudinal vibrations give rise to very fast moving 
Seismic Waves that travel at a rate of seven or cight hilo 
Metres per second rn resilient rock and at a comewhat lower 
trate 2n loose rocks The velocity of transversal waves 15 
about half that of longrttudinal waves The latter therefore 


reach the epicentre first and are the first to he registered 
by a *ersmograph 


236 


Surface or Jong waves that fain out in nll directions arise 
in the epicentre Though these waves move al about half 
the speed of transversal waves they are much more destruc- 
tive The degree and nature of the destruction caused on 
the surface of the Earth and to structures depend on the 
direction of the shock wave (lig 97) 

Surface waves resemble the waves started by a stone 
thrown into a pond They give rise to undulatory deforma- 
tions of the ground Deformations of this type have been 
recorded when waves were passed through insufficiently 
resilient bodies 

surface waves fanning out from an epicentre may race 
round the Earth {ft 1s quite obvious that the waves moving 
in different directions will meet in the opposite hemisphere 
The pomt where they mect 1s called the anttepicentre 

At present the force of an earthquake 1s determined with 
the help of a 12 point scale (Table 4) With this scale the 
force of an earthquake 18 determined not only im accordance 
with the shock experienced by people but alse with seismo 
graph records Shocks starting vibrations with an accclera 
tion of less than 2 mm/sec are not noticed by people but a 
Scismograph will record them Violent earthquakes start 
Vibrations with an acceleration of 5000 mm/sec’ 

The tremors starting in a hypocentre are transmitted first 
to the epicentre where the most violent shoch 1s felt The 
tremors sprcad out from the epicentre weakening with dis 
tance If ona map we draw a line joining places which have 
suffered an equal intensity of shock we will get an tsosersmal 
line (Fig 98) for example a 5 potnt or a 4 point isoscrsmal 
line These lines form closed curves and are often very arreg- 
ular for earthquake damage depends on the density of rocks 
(igneous cemented fissured loose and so forth) The curve 
of an isosersmical line therefore depends on the geological 
structure of the region hit by an earthquake 

The greater the distance from the point of observation to 
the epicentre the more time is taken by the shock wave to 
reach that point By drawing a line through points affected 
by an earthquahe at the same time we get aclosed curve 
called a homosetsmai line which in contrast to an isosersmal 
line 15 very regular because the velocity of a tremor 1s Jess 
dependent on the geological structure of a Jocality 
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Seismic maps are compiled on the basis of earthquake 
records 

Forecasting Earthquakes Ono of the problems of seis 
mologicalinvestigationsisto makeit possible to forecast carth 
quakes Very little progress has been made in this direction 
although some facts indicate that a number of phenomena 
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hiv JR tsoseismal Hnes of the 1929 earthquake In Ashkhabad 
(after C Gorshkov} 


can be accepted as heralds of an earthquake For example 
magnetic tarmssometiincs precede ancarthquake frequently 
bmaking out twanty four hours before an earthquake be- 
mins Monaser itas believed that an carthquahe is preceded 
ty aninten ive lite ration of gaces from the craters of volca 
h x4 

\ttempts have been male to usc «necial Instruments to 
profict an earthquake Fatrly good reeults have becnobtaine | 
Sith tiltreeters which measure a rising dip on the Parth s 
urface with ereat arcuracy Alt every point on the Farth s 
fs e the dip towante the horizan changi4 continuously 
Thid chara takes place slowly but an acceleration I ob- 
srvel jf. ot fon an tarthquake 

Farthquake-Proof Raliding- Special rules for earth 
ek pest biillirghave bes ndrawnuptocountrrict mrof 
t. or tive a tivity of earthquakes Ital, an! Japan 
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Accelerat hes " Chiractéristic 
<25 |Detected only by seismological in 


struments 


2550 {Felt only on upper floors of buildings 


Felt only by a few people the shock 
is Scarcely perceptible and docs not 
rouse fear 


u 10 


Felt by most people in buildings and 
only hy some im basements does 
not rouse fcar Gauses doors and 
windows to rattle floor beams to 
creak and suspended objects to 
swing slightly 


10 25 


Felt by all people indoors and by a 
few outdoors awakens sleepirs 
rouses fear in some people Doors 
open and shut susprnded objects 
swing vigiintly pendulum clocks 
slop 
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Felt by all people indoors many rush 
out into the street in fear Objects 
fall in hous.s plaster cracks in 
walls slight damage is caused to 
small buildings 


50 100 


Rouses general fear and panic felt 
outdoors aswell Makes people rush 
out into the street Causes bells in 
belfrnes to ting chimney pots are 
shaken off roofs some tyles fal} tp 
the ground relativcly light damage 
1s caused to many buildings 


Rouses panic Considerable damage fg 
caused ta buildings partially” dc 

Stroys some houses Ko human casu 

aluues but some people are burt 


Some buildings are completely de 
stroyed many are seriously damaged 
A few people ara killed 
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where carthquakes have been especially dusastrow - 
more expcrience inthis ficld thanany other country he "0 
advisable to build houses on steep slopes, ab the clbe $5 
precipices, on loose soul or on humid bogss soil Fir | 708 
stone material and coment should be uscd ¢h% burldine 
aro not recommended The foundatrons must b Lt 
COrners projections noo all hey oe chions of Lap ideng mi 
be strengthened with metal reds and beams Particuls 
rare must be taken over walls DBxperience has shows ! ‘ 
08 Houses withstand carthquakes better tha exch 
i ast ateN ch structures The beams must be rigid ne vate 
rials and e walls The partitions must be made of hight we 
110 f roperly fastened to the walls Oserhanginé deco 
ns such as cornices stucco mouldings columns and bs 
fees evan be avoided because they are tle cases 
cotsmic reg Li storeyed buildings should be not recite 
hove at} Bans because during earthquahes the uppet 
of buildings vibrate more than the lower floor and 4 


the first to collapse In the Soviet Union and other Louaircs 


anti carthquake buil to be 
quite effective Udiag has, in many cases proved 


Seaquakes Seismic disturbances frequently occur on the 
oor of oceans Tho tremors start huge waves called fsuna- 
mis which rice to aheight of several tens of metres and cause 
reat destruction as they approach a shore and flood 1t 
A huge tsunam, was started hy a seaquake in Sagam Bay 
"span Where a section of the floor roso steeply (230 metres) 


another section sank to a depth of 400 metres This gave 
rth to a wave of over ten metres high, which rolled shore- 
Ward (part of the water 1 


owed towards the ocean} 
on tng the earthquake im Chile in 1960, the tsunamu that 
Prang up off the coast of South America rolled across the 
fatire Pacific Basin for distances of tens of thousands of 
miles sweeping the shores of Japan, the Hawauan Islands 
the huril Islands and other areas As far away as the huml 
Islands the oncoming waves reached a height of nearly two 
metres The coast of Morocco was attacked by tsunamis in 
the period from the night of February 29 to March 41, 1960 
ge wea wave that destroyed everything in its path struck 
the town of Agadir Tsunamis occur mainly in the Pacific 


ul they also ocewr im the Atlantic and the Mediterranean 


Epeirogenic Movements 


Epeirogenic movements cover enormous areas of the 

arth serust They are slow and can only be detected through 
any years of observation For example changes have been 
hoted in the position of coastlines with regard to the level 
ofthe sea In one area or another these movements are some 
times rhythmical 1¢ within a certain period the coast 
line rises and then gradually subsides again 

Ingressions (advance of the sea into river valleys) and 
tran.gressions (flooding of large land areas by the sea) are 
observed when a continent subsides and regressions (retreat 
of thea sea) occur when it mses 

VYanations of a shore line can bo estabhshed on the basis 
of historical geomorphological peodesic and geological 
facts Hustory tells us for example that about 4 900 years 
azo the shore of the Bay of Naples in the region of the town 
of Pozzuoh began to subside and the sea covered a part of 
the tawn In the tenth century the shore rose again and the 


1A 24} 


buildings that had been submerged have survived as ruins 
and stand on the shore far from the edge of the water It is 
belreved that in this area the amplitude of the shore varia 
Lions was about 125 metres 

Other evidence of uplifts of the shoro includes swells 
on flat coasts and also terraces covered with sand rounded 
pebbles and remains of scashells on mountain slopes These 
terraces sometimes occur at an elevation of several hundred 
metres above sea level The amplitude of variation of the 
Earth s crust 10 any given area can be established by the 
height of the swells and terraces above the present sea level 
While the time when tho terraces were formed can be deter 
mined by the fossil fauna and flora The draining of former har 
bours river deltas and river valleys overhanging sea coasts 
are also indications of uplifts Some coastal areas which had 
once riscn high ibove sca level aro now submerged For cx 
ample the mouth of the Congo River has been traced below 
the level of the Gulf of Guinea for a distance of nearly 100 
kilometres and at a depth of more than half a kilometre 
Underwater channels of the Ob Yenise: and other northern 
rivers have been traced over long distances 

The marshy lakes along the coast of the Black Sea and 
the absence of shallow deltas and rivers for example in 
South China despite the evacuation of huge quantities of 
detritus are also evidence of the subsidence of coastlines 

Examples of vertical variations are found in Scandinavia 
and Italy There are striking uphits along the northern coast 
of Norway where five mairme terraces have been discovered 
the highest of these 13 176 metres above theo present sea level 
They hase been carved out on a surface polished by glaciers 
but are not polished themselves Thisshowsthey were formed 
in the post glacial pemod Sections of the Scandinavian 
coast adjoming the northern shore of the Gulf of Bothma 
are al present rising at a rate of a centimetre a year Other 
areas where the shore linc 1s rising rnclude Spitsbergen No- 
vaya Zemlya Greenland Iceland Scotland and the southern 
coast of the Black and Caspian seas 

The reverse 1s taking place along the coast of South China 
Au tralia and North Africa 

Slow upheavals of the Earth s crust are taking place not 
only in tho vertical but also in the horizontal plane They 
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have been observed in the Alps near Lake Geneva in the 
Bavarian Alps in North Amerita and other arcas 

In addition to the geomorphological observations described 
above the slow variations of the Larth s crust are meas 
ured with a fine degree of accuracy through repeated level- 
ling Such measurements have been taken on the Cauca 


sian coast of the Caspian in Scandinavia in North America 
and elsewhere 


Folding and Rupturing Movements 


Broken and Unbroken Bedding of Racks The rocks 

of which the upper part of the Earth s crust 1s composed are 
represented mainly by stratified semes that had formed pri- 
marily un water basins Ina stratified formation each layer (or 
stratum) 1sseparated from the others by a stratification plane 
The surface hounding a stratum from below 1s called the 
603 the surlace bounding it on the tep is called theroof, 
ua Series or hench af layers the roaf of an underlying bed is 
at the same time the foot of the overlying bed The shortest 
distance between the roof and foot of a layer 15 called its 
thickness 

When they are formed, layers of sedimentary roch are 
deposited on the floor of a basin horizontally or at a slight 
tilt In such a series each of the beds is deposited one on 
top of anothtr in turn Where the conditions of sedimenta 
tion are more or less constant the stratification planes will 
run parallel to each other 1e , the beds will be concordant 

If series of strata he parallel with one another and there 
is no chronological sequence between them We get a case 
af stratographic unconformity For example Jura.sic mar 
ine rocks may lie on Devonian marine deposits whereas 1f 
the bedding had been concordant the sequence would havo 
been Carboniferous Permian Triassic Jurassic 

Stratigraphic unconformity 1s caused by oscillations of 
the Earth s crust In our example the Devoman period wag 
followed by a rise of a submarine area of the Earth s crust 
which gradually subsided in the Jurassic period (Table 5) 

In addition to stratigraphic unconformity there ts tecton- 


Ic or angular unconformity which means that rock strata 
le unconformabl, as a result of upheavals 
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A disturbance in the original bedding 1s called a disloca 
tion and 1s caused by the folding and rupturing movement 
of the Earth s crust 

Considerable dislocations are usually found 1n mountain 
ous repions Inthe Ural Crimean Tien Shan and Caucasian 





Fig 9J Fold and rupture in Mid Paleozoic limestone 


mountains for example the onginal horizontal or slightly 
tilteng bedding of the rock layers has been substantially 
changed the gradient is stceper the strata are bent in waves 
and partially ruptured and along fractures they are dis 
placed (Fig 99) 

According to their nature all disfocations are divided 
intotwo types folded or plicated (continuous and undu 
lating strata) and ruptured or dtsjoined (ruptured strata along 
some surface and in some cases subsequent displacement 
along the resultant fracture) 

Ruptured (disjoined) Distocations These dislocations 
appear as fractures from a few oollimetres to tens and even 
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hundreds of kilometres long the strata along these fractures 
are frequently displaced ‘Ihe surface dividing ruptured beds 
is called a fault crevice and it may be vertical or inclined 
Strata may be displaced parallel to a fault crevice trom bet- 
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Fig 100 a—fault b—displacement 





tom to tap (reverse fault) or from top to bottom (fault) 
Ii the layers are displaced along the horizontal plane of a 
fracture they form a displacement (Fig 100) 

Systems of parallel fractures occur frequently in some 
cases blocks imprisoned between faults are displaced either 





Fig 10% Horst and graben 


up or down ‘This gives rise to protuberances called horsts 
and to hollows called trough faults or graben (Fig 101) In 
the USS KR trough faults include Lake Baikal, whose floor 
has subsided by more than a kilometre Lake Teletshoye 
in the Alta: Mountains and Issyk Kul in Korghizia Some 
trough faults are extremely long Lxamples are the Red Sea 
and the Rhine rift valley, into which the Rhine river enters 
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and which lowered The 
raised or upthrown part is 
distinguished by a down 
hend of the strata the low 
ered part on the other 
hand is distingueshed by 
an upbend The fracture 
surface can be very smooth 
(friction plane) or striated 
n fracture caused by a rup 
ture may become filled 
with roch sate (fmetion 
breccia or tectonic brereia) 
Folded (niicative) Dis 
locations In many cases 
trata are bent mn waves 
anid Torm Jolds Ihe size 
ol the lols varies griatls 
A fold has the following 


elements (Fig 105) i)gindy 


—iso mor or fies even 
surfaces limiting tho fold 
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Fig 103 Licments of a fault 


A-wraleesd Hint Mh—loweted = Hinb 
at f—fauli¢crevice A—fault ampftitude 


2). curve—tho crest connecting 


the iimbs 3) a fold bend—the fine passing through the 
lughest pomts of the crest in the curve of a fold 4) fold 
angle—the angle between the extended planes of tho fines, 

heir intersection, 5) axial surface—the surface passing 
through all the Jayers of the fold bend and dividing the 
fold angle in two 6) fold azis—the line along which the axial 
surface of the fold intersects the Tarth s surface The avis 
of a fold may bo either horizontal or dipped (Pig 106) if 


the axis is dipped the fold sinks into the Parth 3 surface 
in tho direction of tho dip 


Fig 101 Thrust 


By their shape and 
tho arrangement of 


VEDUERUGAUUGUTETODSEMTUCUICSI29z0% LY); the rock layers in 
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ci into two groups 


| sunclines and anil- 
aA TET 
Se ea pe clines Tho former hay C 


aun inverted and the 
latter a normal arch 


247 


(Figs 107 108) Where tho 
folds are abraded along the 
bends the beds in the core 
of a syncline arc younger 
than in the core of an 
anticline 

If a fold 1s truncated by 
denudation a section Wall 
show concentrically conver 
rent beds uf the axis of a 
fold 1s long We contr 





c Wili be ellipses 

Fic {4 Elements of a fold IS Short tho Ae annOst 

a—lint b— curve DD —told rend ACK circular Folds with short 

gle KB & —axtal surfice axes (2 1 C 1) OTC eqllod 
brachyaxtal foids 

If an anticline 1s complicated ‘by-smmrit-fatts Tt 1s called 

an anticlinerium a syncline similarly complicated 1s called 
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a synclinortum A fold 1s from a few centimetres to several 
tens and hundreds of hilomctres wide 

By the position of their axial surface folds are classi 
fied as follows orect or upright—if the aval surface 1s ver 
tical or nearly vertical, oblique—if the axial surface 1s 1n 
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Fig 107 Folds in limestone 


clined and the limbs dip in different directions overturned 
if the axial surface 1s inclined and the limbs dip in one direc- 
tion only recumbent—if the axial surface 1s horizontal 
(Fig 109) 

‘Lhere 18 a quaquaveral structure called a diaprir fold or 
fold with a diapiric core It resembles a dome and the rocks 
im 268 core are hthologically different and older than the sur 
rounding rocks A diapinec structure 1s usually due to the 
formation of a gently sloping anticline when a mobile plas 
tic core consisting of rock salt for example partially 
pierces and deforms the overlying layers This type of struc- 
tural feature 1s widespread in oil regions 

‘The form and size of the folds depend on a number of fac- 
tors the petrographic compafififitaf the roeks,.tha thick 


ain making processes The 
a b most intensive folding 1s 
thus observed where the 
rock layer thins out The 
folds in argillaceous and 
marly rocks are usually 
more regular than those in limestone 
There 18 a flexed strata which 18 the transitronary form 
between folded and disjoined dislocations This transitron 
ary form is called a flerure In the limbs of a flexure the rocks 
are bedded horizontally While between them there 1s a sheer 
almost vertical dip (Fig 110) Consequently one portion of 


ness of the layers the direc 
\ A tion and force of the pres 
an sure developed by mount- 


Fig 168 Syneline (a) and 
anticline (b) 


Fig 109 Folds 
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a layer is either raised or lowered 1n relation to anotherf The 
displacement may be so considerable that the layer breaks 
at the bend and the flexure becomes a fault Flexures occur 
frequently in plateaus These are cither brachy folds or cu 
polas All the above mentioned folds occur singl, amudst 
horizontally bedded 
rocks Lone {linear} 
folds develop in geosyn 
Clinal areas frequently 


occur in groups anLare a 4 
intricately shaped they 


are grouped clase togcth a 
¢r oin marrow strips 

hundreds of hilometres Ae 
long (the Alps the Car 


pathians the Cord] 
[eras) Fig 110 A fexure 
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Position and Measurement of Beds An idea oftheele 
mints governing the occurrence of a bed has been introduced to 
show 1t8 position accurately in space ‘These elements deter 
mine the position of a bed in relation to 1ts dip and the four 
cardinal points of the compass 

The elements of a bed s position are the strike, the dip 
and the dip angle 

By sirtke we mean the azimuth* of the line of strike 
The line of strike is any horizontal line in the plane of a 
stratum The dip is the azimuth of projection of the dip line 
on ahorizontal plane The dip lineis the plane passing through 
the plane of a stratum in the direction of 1ts maximum 
angle 

From the above definitions 1t follows that it 1s possible 
to draw any number of strike and dip lines in a plane of a 
Stratum and that all the strike lines as well as all the dip 
lines will be parallel to eich other The dip lines are perpen- 
dicular to the strike lines 

The dip angle 1s the angle a stratum 15 inclined from the 
horizontal (Fig 141) 

The elements of a bed s position are determined with a 
dip compass This compass has three features that distinguish 
if from an ordmary compass 

1 It is mounted on a rectangular support so that its 
0 180 (NS) diameter 1s parallel to rts long sides 

“ The lmb is praduated counter clockwise East and 
West are also arranged counter clockwise the former 1s on 
the left of north the latter on the right The reason for this 
is to allow the azimuth value to be determined directly 
from the reading of the north end of the magnetic needle 

With a dip compass the azimuth 1s measured northward 
from the direction to be determined and must therefore be 
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* The azimuth 14 the angle between a line directed northward and 
another pissing clockwise through a given direction It 1s measured in 
deprees (0 300 ) and is determined with a compass The magnetic 
azimuth 16 the angle between the direction towards the magnetic 
Pole and a@ given direction 1g also measured A correction that tahes 
into account the mepnetic deviation 1 e the angle between the direc 
fon to the magnetic pole and the geographic pole 1s made to obtain 
the lrue azimuth” An east deviation 1s one im which the direction 
towards tha nagnebic pole is deviated eastward from the gcopraphic 
pole the reverse of this wi!] be a west deviation 
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Ihin daa Mexe! strata which bs the tranaitionary, form 
between foblad and alisfoloe d alsslocation« [his tran ition 
ery formisendlodla fertere Inthe timtsofn fe vim the rocks 
are bedded horizontally wiih between thom thon ian sheer 
alino t sertical dip (lag (10) Gon cquently one portion of 
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no layeris either rar ed or Jowernd in miation to another/ The 
displacement may be so consiterabh that the layer broavks 
at the bend and the flexure becomes a fault Elo curs occer 
frequently in plateaus These an either brachy folds or ou 
poles All the ahove mentioned folds occur eingly amid t 
horizontally bedded 
rochs) Long = (linear) 
folds develop in geosyn 
clinal areas frequently 
occur in groups andare 
intricately shaped they 
aro grouped closo togcth 
cr in nirrow stripe 
hundreds of kilometres 
long (the Alps the Car 
pathians the Cardil 


leras) Fig 110 A flexure 
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Positionand Measurement of Beds An ideaofthecle 
ments governing the occurrence of a bed has been introduced to 
show its position accurately in space Theso elements deter 
mine the position of a bed in relation to its dip and the four 
cardinal points of the compass 

The elements of a bed s position are the stmke, the dip 
and the dip angle 

By sirthe we mean the azimuth* of the line of strike 
The line of sirthe 1s any horizontal line in the plane of a 
stratum The dip is the azimuth of projection of the dip line 
onahonzontal plane The dzp lineisthe plane passing through 
the plane of a stratum in the direction of its maximum 
angle 

From the above definitions it follows that 1t is possible 
to draw any number of strike and dip lines in a plane of a 
Stratum and that all the strike lines as well as ali the dip 
lines will be parallel to each other The dip lines are perpen- 
dicular to the strike lines 


The dip angle 1s the angle a stratum 1s inclined from the 
horizontal (Fig 114) 


The elements of a bed s position are determined with a 


dip compass This compass has three features that distinguish 
it from an ordmary compass 


It is mounted on 4 rechangular support so that its 
0180 (NS) diameter 1s parallel to its long sides 
2 The limb 1s graduated counter clockwise East and 
West are also arranged counter clochwise the former 1s on 
the left of north the latter on the mght The reason for this 
is to allow the azimuth value to be determined directly 
fram the reading of the north end of the magnetic needle 
With a dip compass the azimuth 18 measured northward 
from the direction to be determined and must therefore be 


* The azimuth 1s the angie hetween a line directed northward and 
another passing clockwise through a given direction Jt 1s measured in 
degrees (0 300 } and 1s determined with a compass The magnetic 
azimuth 1 e the angle between the direction towards the magnetic 
pole and a given direction 1s also measured A correction that takes 
into account the magnetic deviation 1 ¢ the angle between the direc 
tion to the magnetic pole and the geographic pale 1s made to obtain 
the true azimvth An east deviation 13 one in which the direction 
towards the magnetic pole 1s deviated eastward from the getographr 
vole the reverse of this Wi) he a west deviation ° - 
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measured counter clockwise The zero posttion of the limb 
is sot in the direction to be determined Thus wrll make tho 
north end of the magnetic needle stop at the point indicating 
the azimuth of the looked for direction 

3 A plumb 1s suspended from the needlo of a dip compass 
The graduations of the plumb are on the bottom of the com 





Fig 111 Measuring the dip and strike of a rock layer 
with a dip compass 


pass case (0 90 in both directions) Tho plumb points to zero 
when the compass 18 1n a vertical positron 

The bed strike 1s determined as follows 

{ The compass is placed vertically with the long side 
of the support on the surface of a bed the plumb hanging 
down The vertical position of the plumb is determined by 
allowing it to oscillate freely A position 1s selected for the 
compass in which the plumb stands at zero in this position 
the side resting on the rach bed will indicate the strike line 

¢ The compass 1s then placed in a horizontal position 
with its long side on the strike line the magnetic needle 
released and the reading ofits northern tip taken This read 
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ing will be the stmke (the azimuth of the strike line} The 
compass must be placed horizontally so that both ends of 
the released magnetic necdle are level with the limb 

The bed dip 1s determined as follows 

1 The compass 1s placed vertically with its long side 
on the surface of the bed, the plumb hanging frecly This 
side must be directed approximately down the dip of the 
bed A position must be found for the compass in which the 
plumb will show the maximum deflection When this posi 
tion 18 found the long side on which the compass rests will 
coincide with the dip line 

2 The compass 1s then placed on the bed surface so that 
one of the long sides of the support coincides with the strike 
line and the zero on the limb or letter N 1s alligned with the 
dip of the bed im the direction of the dip line The short side 
of the support 1s lifted slightly (without moving the compass) 
and the compass is brought into a honzontal position The 
northern tip of the released magnetic line will indicate the 
ap (the azimuth of projection of the dip line to the horizon 
tal 

The dip angle 1s determined simultaneously with the dip 
line inasmuch as the matimum deflection of the plumb shows 
the looked for angle 

The strike and dip with the exception of the angle (in 
degrees) are yecorded together with the point of the angle 
(NL, SE SW or NW) This is done to check and facilitate 
indoor analyses of data obtained an the field 

The following 1s a sample of how the elements of the bed 
position are recorded Strike SW 225°, dip SH 438° £32” 

If the measurements are made correctly there wall be a 
90° difference between the strike and dip If there 1s a con 
siderable (23 ) deviation from this value the measurement 
should be repeated 

Periods of Orogenesis When tectonic disturbances of 
the Earth s crust are studied it is very important to establish 
the age of a disturbance and also the area affected by it In 
some areas deposits of the same age he horizontally 10 others 
they are folded In one and the same area, deposits of differ 
ent ages may be dipped at different or unconformable angles 
This shows that disturbanccs do not take place everywhere or 
continuously but at more or less definite intervals (Table 0) 
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Table 5 


rr 


Era (froup) 


Characteristics 


Perfod Characteristics 
(system) 





a 


Archean 


phosed rocks 


No plant or animal remains Mar 


bles (metamorphe ed limestenes} 
and grapbites testifying tothe preg 
ence of an crgamec kingdom oc 
cur in the upper Icvel deposits 


Igncous and repeatedly metameor 


chon ee eS a i SSS A SS Ep Ee 


ro¢ 


Proterozoic 


Ieneaus and metamorphosed rocks 


lower invertebrate marine aprmals 


Scanty but identifiable remains of 
and algae 





Paleozoic 


Invertebrate animals predominate tn 


hon metamorphosed edimentary Land fauna and Qara unknown “fost 


rocks umportant guide fossil—trlobite (of 


the arder of crustyceans 
the e¢a appearance of armoured Pe 
rancid and dipnous fish Inver | Cambran |Spenges stariish worms ymarticulats 





icbrates and lower vertebrates appear brachipods bivalve mollusks and 
on land Lower plants—lycopods cephalopods appear Local glaciation 
equisetums ferns—develop rapidly Weak volcanic activity 

Mountain building at ihe beginmng Fpistoparia trilotites and articulates 


and end of the era {brachipods with a calecrous shell) 


Ordovician 


develop in the sea giant marine 
arthropods (gigantostracans) appear 
groups of corals—tabulate corals 
bryozoans and cephalopods (nauli 
loids}—hbegin to deyclop rapidly at 
the close of the penod 


First arthropods (myr:apods scorpions) 


appear on land 


emp 


Silurian 


Goo 


Proparian tmbolitus corals crinoids 
(sea lies} as well as orthoceraliles 


and nautileids from the group of 
cephalopods develop rapidly 


Further evolution of sea urchins 
brachiopods and ammonoids 
Armoured fish appear 

Trancercssion of Lhescaab the begin 
ming and regression at the end of 


the period 


Intensive voleame activity Caledo 


nian mountain building 


gp ep 9 cS aS 


Devonian 


First ganoid and dipnous fish appear 


inthe sea Armoured fishand tinmo 
noids develop rapidly Abundant 
(ower) vegetition on land Re 
prated transgressions and mgres 
sjons Tropical chimatein ihe inghur 
latitudes 


Continued 


(syatem) 


—-————_— — _ tO 


Armoured fish and trilobites die out 
On land—luxunant development of 
lycopods equisetums and ferns 

First giant amphibians and reptiles 
appear 

Numerous insects and spiders Coal 
deposits accumulate Intensive vol 
canic activity 

Tropical climate in the highes Jat; 
tudes Beginning of Hercynian moun 
tain building Glactation of the 
southern continents at the close of 
the period 


Era (group} Characteristics | Period | Characteristics 












Paleozoic 


Carboniferous 


95¢ 





irilobites tetracoralsand so on disa 
pear from the sea Ganoid fish and 
ammonoids develo 
Dipnor (stegoce balians and coty 
Permian osaurs) flourish on land 
Considerable regressions and dev elop 
ment of valcime activity 
Clase of the Hercynian mountain 
puting period $ (during which jn 
particular the Ural and Ticn Shan 
systems appeared) Intensive glaci 
alion in equatorial regions and accu 


mutation of salt in the temperate la 
titudes 


gl 
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Mesozoic | Depositation of sedimentary rocks 


Ammonites ampiuhians (dtpnosns) 
and reptiles flounshin the sea First 


bony fish 
On Jand——first birds 
flowering plants 


butterflies and 


Tris %1¢ 


Ancestors of moderna corals and belem 


mites appear in the sea 


On land—extinction of stegocephaliens 


and cotylosaurs and the appearance 
of reptiles—dinosaurs turtles croc 
odiles and therapsid reptiles Ap 
earance of lower mammals bony 
ish and long tailed caylee Con 
siderable regressions ol the sea 
Subtropical climate 
Vast deserts 


pe 


Furissic 


In the sea—extinction of orthocera 


lites evolution of ammenoids into 
ammonites 


Appearance of asymmetric sea urch 


ins crabs 


On land—extinction of therapsid rep- 


tiles giant repliles flourish appcar 
ance of frogs pterosaurs primitive 
birds and butterflies 


Large transgressions of the sea Cum 


menan mountain building differen 
tiation of climatic belts 


Conltnued 





Fra trmur) 


Mf oF ye 


ep itation of edimentary rochs 


Cencrel 





Characteristics 





Tremendous eruptions of lava 


Immene tran gressions and fegres 


L m4 
Gradual formation of modirn 
nents 
\Inine mountain building 





cont! 


Ter lod 
(system) 


Os ee al 


Cretaceous 


Paleogene 


Chsracterl[stiecs 





In the sea-—extinclion of ammonites 
and belemnites at the close of the 
period 

On land—appearince of salamanders 
modern crocodiles and pytkon like 
serpents 

Extinction of giant reptiles—dinosaurs 
ichtyosaurs and iterosaurs 

Appearance of primitive mammals and 

awering Plants 

Violent transgression in the middle 
of the perod 


In the sea—bony fish flourish Mol 
lushs approach their modern form 

On land—ancient serpents and Jiz 
ards still in existence 

Mammals acquire gigantic izes 

Appearance of prosimians cetaceans 
and edentates 

The chmate has been differentiated 

Alpine mountain building begins 


pS 
styjoda [upIB] Ao] Ul 
yi SUlpwarye wolywwps Pure, 
ofy pur wnyernduray J? dosp det, 
, sJUlppNG ULIpPOUl 
dtu oD Ses i ee 
43 i pottad aria Aivua ead 
jo Supuutseq ogy 18 suadds 93ua 
451X9 F WLI JO sus, dj4suoyp) onbuyy 


el 





at, pioadumgyUeR jo asuules ify, 
PIOALEED} PUY SUCAPf Auf 
oid e27enSun yo quod pp IV 
UI] puel UO pho ap ot Utin] sem 
WICOL yUtyt) wIVUIMITEIEY Jos] 
shogun '30 Wvuvieodd b UOJ 19S 1%, 
UIpuu 7 gure Fup ca TUNG] WUE, 


259 


In the history of the Darth we distinguish four basic periods 
of orogenesis 

1 Pernod of Alpine folding Mesozoic (Jurassic Cretaceous) 
folding—from the Tertiary period down to our day 

2 Period of Mercyntan folding Carbontferous Permian 

eriod 
, 3 Penrod of Caledonian folding Silurian period 

4 Period of Pre Cambrian folding repeatedly in the 
course of the Pre Cambrian period 

A mountain system 1s attached by denudation even while 
it 1s being formed That 1s why we find tho tallest peaks 
(7 500 8 800 metres) 1n young mountain systems that were 
formed at the close of the Tertiary pemod (Alpine folding) 
These mountain systems encircle the Pacific Ocean and also 
stretch latatudimally from the Atlantic to the Pacific along 
the southern margin of Evrope and Asia (Cordilleras Andes 
Caucasus Altair Pamir Himalayas) 

In the mountain systems that arose at the end of the Paleo 
zoic period (Hereymian folding) the peaks hardly reach 
4500 2 000 metres The great height of the Tien Shan which 
is also a Hercynian system 15 due to the arched uplfts that 
took place in the Alpine period of mountain making And 
lastl) none of the peaks in the mountain systems dating 
from the Caledoman period (the mountain systems 1n Nor- 
way and Scotland) rise higher than i 500 metres 

Principal Geological Structures of the Earth s 
Crust The crustal movementsdescribed above lead to changes 
in the structure of the Earth 8 crust and inthe relief of the 
Earth s surface The geological! structures distinguished in 
the Earth s crust are platforms geosynclines and folded 
zones 

Platforms are rigid and stable areas subject mainly to 
relatively light oscillatory movements 

There are two stages in the structure of a platform the 
lowce stage or foundation consisting of thick series of great- 
ly dislocated and metamorphosed Pre Cambrman rock the 
upper stage Is several tens or hundreds of metres thick and 
usually consists of horizontally bedded marine sediments 
of Paleozoic Mesozoic and Cenozoic rock The stratigraphic 
unconformity of the deposits of the upper stage shows that 
there is epeirogente activity mm these arcas Local folding, 
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manifested in the formation of domes and undulating folds 
with gently dipping limbs sometimes occurs in the scdimen 
tary cover 

The foundation of the platform 1s alternately ratsed and 
lowered The raised foundation blocks are called anteclises 
and the lowered blochs syneclises Sections of the platform 
with foundation outcrops are called skiefds The latter are 
thus the most rigid portions of the platform in the post 
Pre Cambrian period they did not subside but on the con 
trary underwent positive vertical movements (uplifts) 

The platforms on the surface of the Earth include the 
Russian the Siberian, the Australian and the North African 
In every platform there are shields, for example the Baltic 
and Ukrainian shields in the Russian platform the Anabar 
Aldan and Yenise1 shields in the Siberian platform, and the 
Canadtan shield in the Canadian platform 

Folded zones form 1n geosynclinal zones and 1re areas of 
the Earth s crust where folded heds are exposed on the sur 
lace Geosynclimes are the most mobile sections of the Earth s 
crust They are affected by intensive varrations and there 
fore have favourable conditions forthe accumulation of thick 
(several thousand metres) sediments Theso sediments are 
folded ruptured and greatly dislocated by the folding move- 
ments of the Earth s crust During these processes magma 
penetrates into the sedimentary .eries through fractures 
and weakened zones in tho crust and forms various intru 
S10ns in them 

The enormous pressure caused by the folding processes 
and also the penetration of magma subject the rochs in a 
geosyncline to intensive metamorphism so that they grad 
ually lose their plasticity and ability to fold Thus through 
orogencsis a geosyncline is replaced by a rigid and immobile 
folded system which may be descmbed as a young platform 
In a geosyncline orogenesis ends with a gencral epeirogenre 
uplift of the area and the newly formed folded system turns 
Into & mountain structure The destruction of mountains 
by exogenous forces onthe one hand and the loss of tectonic 
mobihty on the other ultimately transform folded terrain 
Into a platform 

The following are rndications of a folded region 

a) a thick series of sedimentary and igneous rocks 
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by intensive folding 

c) abundance of intrusions and mincrals 

d) metimorphism of rocks 

The Ural fien Shan Alta (Hercynoian structures) Cri 
mean Caucasian Carpathian and Pamir (Alpine structures} 
mountain systems are examples of folded regions formed at 
different times 

Hig mountain systems are usually characterised by com 
plex combinations of rupture and plicativo dislocations and 
the most diverse folds and faults may be observed in them 
In some cases however one form of dislocation predomt 
nates Where the disjoined form predominates we find moun 
tains with a block structure, 1f fold dislocitrons predom 
nate tho structure of the mountains will bo foldec 

Compared with tectonic formations somo of which stretch 
for tens and hundreds of kilometres compos:to {volcanic 
domes barkhans dunes) and also denudation (monadnocks 
formed through the geological action of wind and water) 
mountains are very sma}l 

In conclusion it must be noted that the tectonic processes 
which formed the world s greatest mountains have not 
ended Geosynclines 1 e the most mobile areas est and 
continue to devclop and emerge as is evidenced by the re 
gions of subsidence where intensive sedimentation 18 proceed 
ing Anexample of a developing geosyncline 18 the section 
of the Pacific Ocean embricing the Kunl Islands Japan 
the Malay Archipelago and so on An archipelagic (insult) 
pittern indicates a basin accumulating sediments depos:ted 
in inter istand depressions through the ablation of material 
from the 1 lanie Other indicatrons of a developing geosyn 
clinak basin are the scale of the variations manifested by 
WMinnt signs in different parts of the basin intensive vol 
canic activity an! intens cismicity AEl these features mint 
f. t themeclycs in the We t Paesfic 


METAMORPHISM 


By metamorphism we mean a change 1n the constitution 
of sedimentary and magmatic rocks under the influence of 
the internal processes in the Earth’s crust The principal 
agents are heat directed pressure and pneumatolysis (the 
processes by, which minerals form with the participation of 
gases and solutions released by magm1) Metamorphism al 
ters not only arock sstructure and texture but also its miner 
al composition 

Metamorphic rocks are schistose and granular, this being 
due to their recrystallisation under great heat and [olation 
under high prcssure Forexample during mountain building 
processes the rocks experiencing great directed pressure 
fold crumple and wearaway with the result that they be 
come laminated which 15 quite different from the banding or 
lamination of sedimentary rocks 

The two basic forms of metamorphism are dynamic 
(due to pressure) and thermal (due to heat) 

Dynamic metamorphism 1s observed for example, during 
fold forming processes at depths where the temperature is 
at least 200-300° C Thermal metamorphism usually man: 
fests itsclf where primary rock comes ito contact with in- 
trusions (Fig 142) Another name for thermal metamorph- 
Sm 15 conlact metamorphism 

Where contact metamorphism tahes place the invading 
molten magma, which requires 1 long time to chill acts on 
the sedimentary scrics in all directions melting it al the 
points of direct contact and transmitting its heat (800° G 
at tho point of contact) over large arcas New muncrals that 
fornt a cantact aurcole aro dotctoped through the mixing 
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of the minerals of the molten 
magma with material from the 
melted sedimentary rocks Tlie 
number of these new minerals 
depends on the mineral content 
of the migma «nd the sediment 
iry series 1f 1s invading 

For example When = granite 
magma comes into contact with 
scdimentiry quartz sand and 
sandstones hardly any new min 


fy 7 Yj erals are formed But when 1t 
invades limestone series the new 
x Uy UY mincrals that form 1n the contact 


aureole aro alien to both the 
rig 112 Contac betncen nama and the imestone. As 
> rocks rics of transitional zones appear 
between the granite magma and 
tho limestone and tho farther this series is from the granite 
ma 3 the gruateris the number of basic rocks represented in 
it La tl, pure limestone recrystallises and turns into marble 
mm areas Where melted lmmestone docs not mit With molten 
magma Inthe Urals where granite comes into contact with 
olivine? the Intter turn into hydrate rich tale and chlorite 
ceohiista 
As gaes vapours and = partl, water solutions move 
throvueh fi ures in the colder parts of the lithosphere anid 
imoreanite large areas of tho Parth scrut they causo racks 
to go through a trinsformation cycle hnown as preumatolytic 
metamorpli m ifthe agents arn hot ga es and tapours with 
uut the pirticipition of water or fydroihermal metamorph 
»maf the proce 3 anvolyves superheited mineralised water 
Heat al > becomes involved in the proce 3 af under the 
worght of new ¢ diments or a3 ao rmsult of tectonic forces a 
eras of accumulating rocks gradually sub ides into deeper 
roms of the Darth «crut In this case therc 15 no contact 
ktueen coll climentary, «ries an! invading magma ao 
“fim ntary on scovering a large arva inks uniformly into 
angotofintene heat Asthey ink the edimentary be Js 
fet turirto ipl: tioanithen po ably into Mui tate 
fo staal retermerp ism ya omanifie te! here 
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Although at smal! depths the hydrostatic pressure 1s not 
very great in the Earth s crust it becomes enormous at a 
depth of 10 20 kilometres On the average a rock column of 
five metres (with a base area of one square centimetre) pro 
duces a pressure of one atmosphere Therefore ata depth of 
5 000 metres the pressure must be 1 000 atmospheres and at 
a depth of 25 000 metres 5 000 atmospheres Combined with 
high temperatures (up to 1 500° C) this colossal pressure 
causes basic changes in the state of rocks making them plas 
tic Reciprocally displacing each other, these rochs at the 
same time grind each other into fine particles (this process 
1S called melonitisation or grinding} A clearly defined 
schistosity appears im roch ats mineral components being ar 
ranged in parallel lines 

As we have already stated near the surface of the Earth 
temperature and pressure do not play the same role as at 
great depths That 1s why the region of rock metamorphism 
linked up with the simling of sedimentary series into the 
mntenor of the Earth, 1s divided into three zones the upper 
zone or epizone (zone of superficial transformation) the mid- 
dle zone or mesozone (zone of medium transformation) 
and the bottom zone or hy pozone (zone of abyssal metamor 
phism} 

in the epizone the temperature and pressure aro relative 
ly low The metamorphic rocks that form in this zone have 
a clearly defined schistosity and the minerals are JamolJar 
and scaly, their long axcs being at the normal to the acting 

orce 

In the mesozone the temperature and pressure are higher 
Providing tho conditions for deeper recrystallisation of sed: 
Mentary rocks Mechanical disturbances in the form of fis 
sures faults and so on are also observed The rocks develop 
ing in this zone are mica schists, amphibole schist and gneisses 

he first two include feldspar in addition to mica born 
blende predominates in the latter Crystalline schists, which 
Aro meLamorphosed more than any other echists frequently 
occur in this zone 

In the kypowone the temperature is extremely high and tho 
pressure tremendous In this zono rocks undergo very deep 


recrystalfisation and augite and oliyine are the most wide 
spread of the neocryctalh ed minerals 
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If this subsiding sedimentary series as invaded by magma 
the above transformation sequence will be considerably al 
tered In addition to the influence of pressure thero will be 
phenomena engendered by contact metimorphism <A de- 
scription of the principal metamorphic rocks wall be found in 
the section entitled The Lithosphere” 

Dynamic metamorphism which tscalled forth by mountain 
building processes 1S also known as dislocation metamor 
phism 


BRIEFLY ABOUT THY CARTH 3 AGE 


Throughout history min has been attempting to deter 
mine the Earth sage In ancicnt trmesthe msults of these at 
tempts differed greatl, In the Cast (China and Japan) for 
example the world s age was given as several tens of mill 
enniums and by some scholars as over 100000 yerrs 
Inthe Mediterranean countries the Earth s age w1s deter 
mined as berng about 5 000 y,cars (before ourera) This figure 
was accepted by the Christian world throughout the Middle 
Ages 

All the old concepts were upset through investigations of 
fossil fauna and flora Palconthologists who found changes in 
numerous generations of the animal kingdom came to 
the conclusion that 1t required much longer than a few hun 
dred thousand years for life to develop on our planct 

Attempts were mado to determine tho timo that was tak 
en by, some of the processes on Earth It was surmised for 
example that originall, the water in the ocean _w1s fresh 
The reason—tt derived from atmospheric precipitation which 
contains practically mo salt at all Todv, ocean water 15 
quite saline ayeriging 390 grams of salt per litre This salt 
is brought from land by rivers whose waters have a consider 
able content of minerals Occan water evaporates and 15 
returned to land as precipitation by yirtuc of which the 
rivers carry huge quantities of salt to the ocean year after 
ycar Lhe quantity of salt annually carricd by rivers can be 
calculated Moreover we know how much water there 1s 1n 
the ocean It was therefore not difficult to compute that it 


took the ocean approximately half a million ycars to reach 
its present level of salinity 
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This method of computation is not faultless because 
a) wo do not hnow what the initial salimity of the ocean was 
and b} wo take no account of the phystcal and chemical proc 

D esces taking placein ocean water the vital actiyily_of organ 
ising in particular Marine dwellers build thetr skeletons 
Trom the salt in the sea, 4nd they accumulate salt in their 
bodies Thereis forim-tance very little 1odine 10 sea water, 
yet some algae concentrate 1t so intenstvely in their bodies 
that it is obtained on an industrial se ile from their remains 

The figure 500,000 years produced by such a simple arith- 
metical taleulation, as the Earth s age cannot therefore be 
considered accurate 

In some areas we find varved clays which are so far 
as we know, salty sediments deposited im closed reservoirs 
The varved character of these deposits 1s due to the alterna- 
tion of thin (se veral millimetres) layers of silt and fine sind 
It was suggested that the layers of silt were deposited during 
low witer seasons and the coarser maternal (sand) when 1¢e 
thawed precipitation increased and turbid water flowed into 
lakes Each pair of layers thus represents the result of a 
years Ss acCumulation of sediments The thickness of the layers 
has been measured Knowing the thickness of the entire 
deposit and dividing this thickness by the thickness of a 
pairoflayers weet a firure showing the time it took a parfic- 
ular deposit to accumulate For some lakes the figure was 
19,000 20,000 vears 

But this figure only concerns one of the Jatest periods 
of the Earth s life when sediment filled reservoirs were al 
ready inexistence These reservoirs appeared aiter tho re 
\reat of a huge ico shect from the terntory of Eastern Europe 


We thus only have a characteristic of a very short period of 
the Earth s life 


A radioactive method of determining the Earth s abso- 
luto age was used in recent decades following the discovery of 
radium This method 1s founded on the fact that the atoms 
of some unstablo elements, chiefly uramium and thorium 
disintegrate continuously, forming atoms of other clements 
The stable end products of decay are holium gas and inert 
metal iead Tho helium volatilises the lead accumulates 


The age of a mineral can be computed by finding rts rela 
five content of a radioactive clement and lead or helium The 











gy re 


same concerns the rock from which the mineral has been ex 
tracted This holds the hey to the approximate ago of the 
Earth s crust 

Most geophysicists now agree that the Uarth has exusted 
af a panel tor 3 UTS WOU million) e813 By this 
method it has been established that the Carth s crust 1s_ 
3000 4,000 million years old In addition tho radio 
active method bas been used to dctermine the duration of 
various periods of the Earth s development Much hes been 
done in this field by the Soyict scientists V Vernadsky, A 
Nenadhevich and V Khlopin 

he time it took various rocks of the Larth s crust to 
form cannot always be expressed in absolute figures It 1s 
more usual to determine therr relative age This relative age 
is found by dividing the Earth s history into periods of the 
existence of definite groups of ilora and fauna study of 
fosstl fauna and flora showed a @radual succession of forms 
in time and that this succession is governed by a definite 
process of progressive development of organisms The most 
primitive organisms occur in the oldest layers Many fossils 
occur in beds deposited at definite periods and do not reap- 
pear inthe Earth s history They are therefore called guide 
fossils 

By establishing a definite succession of organic forms 
scientists have been able to distinguish the corresponding 
periods in the Earth s history The basic units in relative 
ecological chronology are an era embracing a major pertod 
of the Earth s existence and a pertod which 1s a part of an 
era Initsturn the period 1s divided into smaller units (epochs 
and ages) 

Series of sediments containing organic remains wore depos 
ited on the Earth s surface or in reservoirs during each era 
A series of sediments deposited during a definite era 1s called 
an group of sediments and aseries deposited in the course of a 
definite period of the Earth s Ife 1s called a system 

A series of successive eras 1s thus distinguished in the 
Earth s life The oldest 1s the Archean era when no plant or 
anim! organisms could exist It 1s followed by the Protero 
ae era during Wlich the s:mple t forms of life appeared 
The next is the Paleo ore era with its abundance of lower 
types of animals ind plants The Afesocore cra the nett in 
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Chart of Cealogic Time 


Table 6 




























































































Era (group) | Iniex | Period taystem) | Index } Ppoch (41¥is!on) | Todex 
Quaternary Q Holocene Qs 
(1 000 000) Pleistocenr Oy 
Neorene LV Pfhiocene | iV’. 
Celozare Az \ (27000000) ALtacene Vy 
Paleogene Pg Oligoccne Pés 
(32 000 000) Eocene Pg 
Paleocene Pg 
Cretaceous Cr Upper Cr 
(70 000 000} Lower Cry 
Jurassic J Malm Jy 
Me ozoic M.. | (25 000 000) Dogger Js 
Las 1 
Triassic T Upper T's 
(30 000 000) Middle T 
Lower T, 
Permian P Upper (Tatai} } Py 
(2 + G00 000) Tower (Kazan)| £3 
Carbonferous | C Ural Cy 
Paleozos =| Ps | (55 000000) Moscow C4 
Dinantian | @y 
Devonian BD Ds 
(55 000 000) M Mekite D, 
Lower Dy 
Silurian 5S | Upper (Goth Se 
(120 O00 G00; land) ra 
Lower (Ordo 
¥vician}* 
Cambrian tm Cm, 
(85 006 G00} sedate Cm, 
Lower Cmy 
Proterozoic Pt The subdivisions are of local smportance 
Archean | A (4 500 000 000 2 000 000 000) 





* Now classified as an independent period 
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chronology, witnessed the evolution of highly organised 
animals and plants which difflercd groatl, from present 
diy fauna and flor: The litest 1s the Ceno ofe ort in which 
animals and plants devcloped into the forms we Know today 

Wo shall net stop to deta the Archean and Proterozoic 
eras but shall note that the Paleozoic erm has five main pe- 
nods Cambrian Stlurian Ordotieian Detonian Carbonif 
erous amd Permian the Mesozoic cra has three Triassic 
Jurasste and Cretaceous The Cenozoic (Nc ozorc) likewise has 
three Paleocene Neogene and Quaternary (Anthropogenc) 

The nimes of the diyistons of the Palcozoic era (Cambrian 
Sulurrin Devonian and Permian) derive from the localities 
Where the corresponding deposits containing characteristic 
fossils were first discoverrd Pho Carbonif rous was 80 named 
to designate the period of the coal measures such as the Don 
ets Moscow and other basins formed by tho luxuriant vege 
tution that appeared on the Earth for the first time 


The Triassic period of the Mesozoic era is so eniled be 
cause the lithological composttion of tho rocks allows the 
deposits to be divided into three different formations the 
Jurassic period gets its name from the Jura Mountains which 
extend between Franceand Switzerland where the correspond 
ing deposits were first described Lastly the Cretaceous 
period is named after chalk which was deposited in large 
quantities for tho first time in tlus period 

The periods of the Cenozoic era were named after the ant 
mal kingdom of the era Inthe Paleogene we find the remains 
of vertebrates that are now extinct In the Neogene tho ver 
tebrates approached the form of modern mammals And 
lastly tho Quaternary (Anthropogenc) 1s characterised by 
the appearance of man A brief description of the oras and 
periods 15 given in Table 5 


The basic age divisions (eras groups and periods systems) 
are usually given in abbreviated form by indexes of the first 
jetters of the Latin name of the given division A division 
smaller than a period 1s designated with a figure written on 
the right of the index of the corresponding period Thus the 
index of the Carboniferous systumisC of its lower division 
C, Tithe division 1s further subdivided into stages or forma 
lions the litter are designated as follows C G ¢. and 
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so forth the figures corresponding to the sequence of sedi 
mentation 1e C* is older than C. but younger than C, 


The indexes of eras, periods and their division into epochs 
are piven In Table 6 


HYPOTHESES ON THE DEVOLOPMENT 
OF THE CARTH 5 CRUST 


‘The approach to the problem of the formation of the 
Rarth s crust has been different at different times depending 
on the state of knowledge 

The Kant Laplace nebular hy pothesis of the origin of the 
Karth influenced the tectonic vic ws of geologists at the begin 
ning of the nineteenth century In 1829 Ehe de Beaumont 
advanced his contraction hypothesis of the formation of the 
Earth s crust This hypothesis was based on the assumption 
that as the core of the Earth cooled, the hard outer crust fol 
lowed suit crumpling and forming folds or mountains 

It was warmly received by geologists and was the dominant 
tectonic hypothesis of the mmeteenth century 

some followers of the contraction hypothesis have com 
puted how much the strip of the Earth s crust now occupied 
by tho Alpine Mountain system had contracted Albert Heim 
for instance gave the figure as 120 hilometres and later in 
creased it several times Other scientists suggested that 
this strip must origimally have been more than 2 000 3 000 
kilometres wide 

E Haug took the contraction theory a step further He 
applied the concept of geosynclincs (tectonic troughs where 
lnfensive sedimentation takes place} advanced by James 
Dwight Dana, Harry Fielding Reid and other geologists 
to explain some of the phenomena observed when moun-~ 
fain systems are studied 

His theory 1s that when continents subside, the tectonic 
troughs {geosynclines) usually situated between them art 
compressed from two directions and that this leads to the 
formation of a folded zone along either side of the trough 
The folds are tilted towards the continental area (platform) 
adjoining thom For example, the Bethian Cordilleras (an 
the Iberian Peninsula) the Pyrenees the Alps the Carpath: 
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ans the Balkan and the Caucasian Mountains are tilted to 
the north while the Atlas Mountains (in Africi} the Apen 
nincs the Dinarie Alps and the Hellenides (in the Balkan 
Peninsula) the Taurus Mountains (in Asia Minor) and the 
[ran Mountains are tilted to the south 

These ideas were further developed by Leopold Kober 
who compiled a diagram showing the structure of all conti 
nents and ocean troughs As his basic units Kober used oro 
genic zones or orogens into which geosynclines are trans 
formed and hratogenic fields or hratogens—1 specific tectonic 
type of stable crystalline structures (shields plates or plat 
forms according to some authors) Contrary to some follow 
ers of the contraction theory (Eduard Sucss for example) 
“ho flatly disclaim the possibility that large arcas of the 
larth s crust can be vertically uplifted Kober attaches 
great importance to these movements They aro now called 
ipeirogenic (continent making) or geocratie (land increas 
ing) ifthe, are directed upwards and thalassocratic if they 
ire directed downwards and are accompanied by an advance 
of the sea 

New ideas were put forward at the close of the nincteenth 
century On the one hand these ruled out tho processes of 
compression and on the other supplemented and supported 
the contraction theory First of all mention must bo mado of 
the isostasy theory {teaching onequtlibrium} which was de 
veloped by Clarenco Edward Dutton and supported by Mar 
eel Alexandre Bertrand I Lukashesvich and others Accord 
ing to this theory the Earth s heterogenous crust which 
consists of cections of different mincral composition and 
corLequently of different density lies on liquid magma 
These cparate ections aro therefore submerged in this 
magma to various depths depending on their thichness 
anidenity inthe samo way as objects of various density 
Noat on water The urface of the various ections was origi 
tilly unesen Denudation smoothed out this unescnne 3 
ond move? masses of mincrals from clevatcd to lower lyin, 
anas This cau ed achange inthe low! made the lghtenca 
imasomor fuoyant an? cubmerged the overloidced arcts 
ho oper ante the magmas Fracturns appeared between the 
amay tenimetion Magma roo alone the « fractures ant 
mptritef roks goa maiune ther weight an! disturbing 
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away from Africa ond Asia derfte t couth anl moved ay at 
Phe pressure darceted from th poles to the crnater cause f 
mountain systera te cc an the cantineats da Che cepa 
from the Attantic to the Pocili Uhe ansular ansain the at 
lantis (Uhe Antilles and South Hawaian Islands} ond the 
Pacific (the Aleoutiins the Kari Japon the Philippines 
and the Sunda Istands) an fragments of continents that lav 
lagged bolum on the coum of the deift 

\ Below ov hited a number of con ulcerations that dis 
proved the drift theory Dhus the Wegence hy pothosis takes 
no wcount at all of such important (ectone Putors as 
uv dillalory movements Notlice does it esplan the pheno- 
moni of intermittent folding of the basultre substratum 1s 
suftcr thin the gramtina cantincnt then at and not the Mort 
ing cuntincnt hould fold and ef it as harder it should me 
miin motionk s Further the cnter In tory of the T arth 
shows that though diffiront on structure the eceins and con 
Lincnts are identical geatectonically This unity as excluded 
by the contincntal drift theory LTastl, the source of tlic 
forecs moving the continents ts unknown neither tra 
attraction nor centrifugal fomes are sufficient to cxplun 
this movemcnt 

An attempt to clarify the latter problem was made by 
M Bogolepos who came forward with the idea that the same 
laws govern the movement of gases and liquids as cyclones 
Liquid magm’1 cannot remain motionless ecternall, Velen 
it 1s stt in motionit will migrate in accordance with the lay 
of cyclones and anticyclones and its movement is transmit 
ted ta the Earths crust An examination of the geamarpho 
logical forms of the Larth s surface {the outlines of cont 
nents and insular arcs} will quickly show that in their arrange 
ment there is a regularity that reflects the character and 
forms of subcrustal cyclonic and anticyclonic movements 
But even these clarifications cannot eliminate other weak 
nesses of the continental drift theory 

John Joly advanced a hypothesrs on the significance of 
radioactive processes in geotectonic processes It was sup 
ported by A Arkhangelshy and others Like Wegener Joly 
assumes that the continents are a stalic (granitic) mass with 
a density of 27 floating on a simatic (basaltic) bed whoso 
density 1s over 30 Continents with a thickness of up to 
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30 000 metres are submerged in the basaltic bed to a depth 
of 830 000 metres in the same way as icebergs are submerged 
inthe occan The Preific Ocean has no granitic layer while 
in other oceans the layer 1s very thin The continents re 
main immobile as long as the basaltic bed 15 hard But the 
heat from radioxckive decay acts on this bed 

Joly has calculated that the heat the Earth loses through 
radiation 13 compensated at a certain depth by an inflow of 
heat of radioactive origin While still deeper at approxima 
tely 48000 metres the inflow of radioactive heat exceeds 
the heat lost through radiation and it gradually accumu 
lates In the course of a period of 33 to 50 million ye1rs the 
lemperature of the basaltic bed at this depth rises to melting 
point This increases the volume of the basaltic layer and 
consequently that of the Earth as a whole The result 1s 
that the hard crust 1s deformed and ruptured particularly 
Oh the floor of oceans whcre enormous guantities of lava 
issue ‘The density of the basaltic bed decteases when its 
volume increases and consequently the granitic material 
Submerges deeper in 1t and a transgression of the sea takes 
place on the surface Finally the liquid hasaltic bed 1s 
Set 1n motion in a westerly direction by the tidal forces of 
the Moon and Sun and it carries the continents along with 
it But during this drift of continents the sections of the ba 
Saltic bed that had Jain beneath them sink below ocean level 
and pradually harden as they cool Their density increases 
and volume decreases The Earth s radius contracts the 
Crust shrinks the continents regain their former level and 
the sea retreats Mountain making processes are started along 
the margin of continents under the enormous pressure of 
the ocean floor and then a stage of rest longer than the con 
tinental drift phase sets in Once again heat begins to bo 
accumulated the basaltic bed melted and so forth 

The Joly hy pothesis links together reciprocally dependent 
phenomena and divides our planct s history into revolution 
ary (epochs of the movement of continents) and evolution 
ary {epochs of rest) stages Endogenous forces predominate 
during the revolutionary stages and exogenous forces during 
the evolutionary stages These stages form a cycle that has 
reperited itself over and over again in the history of the Earth 
The external harmony and integrity of the Joly hypothesis 
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have attracted many geologists to it Tssentially however 
Joly 3 only service 1s that he drew tho attention of scien 
tists to radioactive decay as a unique source of heart 

The biysic abjection to the Joly hypothesis is that the 
Larth s history consists not of a siinple alternation of events 
but of an intricate regular process of devclopmcnt progr ss 
ing in a defimto direction Joly docs not explain all the 
structural Ieatures of continents and mountain ranges His 
calculations are arbitriry poorly supported by facts, and 
hare been disproved 

A now radiomigration hypothesis was recently formulated 
by V Belousoy He regards radionctivity as the hey power 
factor and assumes that the distribution of radioclements 
in the Earths irregular and changing The subcrustal heat 
ing of the rock mass by radioactive decay causes it to expand 
at a certain depth and this cxplatns the greater dy namics of 
Vertical tectonics Belousov says that each geotectonice cycle 
is accompanied by the formation of gramitic intrusions 
whose volume is very big but cannot be calculated Granite 
has a higher content of radioactive clements than any other 
rock The radium content 1n it 15 three times as great asin 
basalt and twice as great as in tho most radioactive sed 
mentary rocks That 1s why the formation of granitic intru 
sions 1s accompanied hy a change in the distribution of ra 
dioclements in the Earth the upper layers of the Earth 4 
crust are enriched with these elements and the deeper layers 
correspondingly ampoverished But inasmuch as the intru 
sive process cannot be reversed the migration of radioactive 
elements from the Earth s rnterior to its surface 15 likewise 
irreversible In each tectonic cycle granitic intrusions form 
in the course of a certain period of tho mountain making 
epoch The spasmodic way granite forms in time and space 
is due to the irregularity of the centrifugal migration of 
radioelements and of the corresponding thermal conditions 
in the Earth The Earth s temperature grows with depth 
from the surface to the lower boundary of diffusion of radio 
active elements where it reaches its maximum The cen 
trifugal migration of radioactive clements cools the inner 
layers of the Earth of which the most probable consequence 
isth he volume of matter grows smaller 1 @ contracts 

» Ssmodic migration of radicelements 13 evidently 
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“hat causes irregular compressions of the Darth s crust in 
limo and spice But the concentration of these clements 
primarily under the axial part of « geosyncline starts a insh 
inflow of heat generating matter and cre ites a focus of rnten 
weheating At some stage or otlicr this must lead to ancxpin 
tion of matter and a rise of the Carth s crust directly over 
the area where thermal radiation 1s greatest When masses 
of acid matemal mise heavier material sinks and this causes 
compensation downwarps accompamed by the injection of 
basic intrusions to form in the Earth s crust Belousov thus 
recogni.es that there are vertical ascending and descending 
movements of the Earth § crust the former being accompa 
med by mountain making He rejects the possibility of tan 
genital movements 

It still remains to be elucidated how much the abyssal 
zone below the 70 kilometro suprazone influences tecto 
gemec processes Another difficulty is that we hnow very little 
of the state of matterin the Larth For example itis obvious 
that heating must be the cause of expansion and cooling of 
compression But if only the 70 kilometre surface zone ex 
pands and compresses tho temperature changes cannot en 
sure the observed amplitude of crustal movementsif the proc- 
€.s 1s limited to simple thermal expansion and compression 
of matter Changes we know nothing about evidently take 
piace in the aggregate state of matter Without a hnowledga 
of the physical and chemical properties of abyssal matter 
lL 1s impossible to make any quantitative computations 
and this imits turn makes it impossible to formulate more 
or less reliable geotectoni. hypotheses 

The time is now ripe to revise from the standpoint of 
the latest achievements in all branches of hnowledge all 
the ideas underlying, geotectonic hypotheses This alone will 
make it possible to create a scientific and fully substantiated 
feotectonmic theory 


GEOLOGICAL MAPS AND SECTIONS 
Geological Maps These maps are one of the major results 
of field work They show the geological structure of various 
areas of the Earth s surface and of the Carth as a whole FAN 
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geological map brings out the distribution on the Earth » 
surface of rock layers of dificrent age petrographic compos! 
tion and mineral content the distribution of underground 
Waters and so on 

A basic geological or stratigraphic map shows the distr 
bution of rock layers of different age In addition there are 
lithologic maps showing the occurrence of various rocks 
tectonic maps giving the structure of the Earths crust geo 
morphologic maps outlining the distribution of various cle 
ments of the Earth » surface relief in connection with the ge 
ological structure of a given area and the history of the relief s 
transformation hydrogeological maps showing the distri 
bution of underground waters their quality depth and so 
forth and mineral maps giving the occurrence quality ani 
Other features of minerals 

\ geological map 15 compiled on the basis of available 
topographical data A map showing the relief with contour 
lines is the most convenient The details and accuracy depend 
on the scale which ts chosen in conformity with the scale 
of the geological survey 

The usual seales for a geological map are 4) areal—irom 
17500000 to 1500000 2) dotailed—from 1 200 000 to 
150000 3) special—larger scale 

A. geological map contains a table of conventional signs 
(legend) which lists and explarns the symbols in it 

A colour scale to designate the age of rocks proposed 
by A Karpinshy was adopted by the 1881 International 


Geological Congress It gives the following colours for the 
different stratum systems 


O Quaternary —light grey or light green 
Ny Neogene—light yellow 

Pe FPalecogene—orange 

Cr Gntaceous—freen 

J Juras rc—blue 

l Trits tc—light vrolet 

P Permtan—brick red 

C Carboni ferous—prey 

J) Desonian—brown 

S Silurian—gry green 

0 Onlovician—green brown 
Cm Cambrian—violct 
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A stratigraphical age index 1s also given in the colour 
Held of a geological map 

Magmatic and metamorphic rovks irrespective of their 
age are also designated by definite colours These are red 
for acid rocks green for basic rocks and pink for metamorphic 
rocks 


The petrographic composition of rocks 1s usually depict- 
ed with hachures 

There 1s a defimte order for the legend in a map The age 
symbols are given top to bottom or left to right from 4 oung 
lo old These are followed by symbols dcusignating magmat 
i¢ abd metamorphic rochs and by the symbols for petro 
fraphic varieties of rocks Then follows thc explanation of 
all the signs on the map (elements of the occurrence of strata 
on of tectonic disturbances outcrops horeholcs ant so 
on 

Certain conventions are permitted in a geological map 
First and foremost, this concerns Quaternary rocks a thin 
mantle of which covers almost the entire surface of the Earth 
and conceals the underlying beds In consequence of this it 
ts the general practice to omit the Quaternary deposits and 
show the deposits lying directly under them They are only 
[eft for areas where they are very thick and no reliable 
data is available concerning the rochs beneith them 
{the Caspian region for example) or for areas where in 
[ensive scdimentation 18 proceeding river valleys for 
instance 

To understand a geological map one must be able to pic- 
ture how the various layers in if harmonise with the relief 
of tho given area 

If the strata lie horizontally the colour of the main arca 
shown in the map will be that of the layer closest to the 
surlace strips of older rocks will appear only along valleys 
vn spots indicating younger rocks will be shown in water 
sheds 

The boundanes of the strata wall run parallel to the 
contour of the relief 

lf the strata are bedded vertically the strips on 
will run along the strike 
the thickness af the strate 


If the strata are bedded at an anglo the strips on the map 


the map 
Their width will correspond to 
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will nplie cach th rtath din tiiaefth Tip to anti 
este the char, from Uf rtoy ur, efeemate ne (Fig 113) 
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The relation lctween the Pounfares «feth strita ant the 
contours duper ts oo the grifunt fotl oars onl the cp 
angle of the strita 
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Fig 1fu Block diagrams 
a—synec inal fold o--antictinal fol 


Loft 


If the strata are inclined 1n the direction of the area gradu 
ent (but at a smaller angle than the latter) or uf they dip 
in different directions, the relief contours and the boundaries 
of the strata will be traced in one and the same direction 
(Fig 114a, c) ifthe strata are inclined at a greater angle 
than the surface rehtef tho relief contours and the bound 
aries of the strata will be curved im opposite directions 
(Fig 414b) 

On a map folds are represented by stripes repeated symme 
trically in relation to the central odd stripe designating the 
layer in the centre of the fold The difference between svn 





Fig 116 Block diagram of a fault im a syneline 


i—syucline before the appearance of & fault 6—Tfault 
c—abraded fault elevation 


Clinal and anticlinal folds 1s 10 the arrangement of the layers 

mn a syncline the central odd Stripe represents the youngest 
layer (Fig 145a) in an anticline on the contrary it repre- 
sents the oldest (Fig 415b) 

When reading a map showing dislocations with a break in 
continuity, account must be taken of the strike and dip of 
the strata and also of the surface gradient (Fig 116) 

If the strata are bedded unconformably their boundaries 
on a map will intersect and one series will give the rmpres 
sion of cutting off another (Fig 117) 

On a geological map the width of a stripo representing 
one and the same layer frrquently varies greatly Usually 
this is due not to the changes in the truce thickness of the 
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layer wluch ig nearly al 
w153 constant but to the 
surfice relicf and to the 
dip of the layer A stripe 
representing a definite layer 
on a map will therefore 
gixc the apparent and not 
truc width of the layer In 
a gradient with uniform 
tructhichnesses the appar 
cnt thickness of a gently 
sloping say or will be prea. 
er than that of 2 stecpls 
ZA L_j2 L. ja E-3)4 es dipping liyer Cont ersels 

if the dip angle 1s uniform 
Fig, 147 Unconformably bedded the apparent thickness will 





strata be greater where the dip 

yr 3 fie cere —Upper Carbonifcr 
J—Mdt rh viferous #¢—L Wer ¢t fe angle decreases (Fig 118) 
bo un ferous 4—-ULpper Detorn an Information about tlic 


stratigraphic section of a 
studicd area 1c the petrographic composition of the 
laycrs the geological sequence the thickness and ago 15 
given in a geological or stratigraphic column (Fig 114) 

Geological Section To give a clearer idea of the way layers 
are bedded geologicil maps are usually accompanied by 
geological sections (Fig 120) 

Tho general principles underlying these sections are 

1 A line whose ends are destgnated with letters or fig 
ures forexample I—Ior A—A isdrawnon a geologicil map 
tn a chosen direction 

2 <A scale is selected forthe section the scale of length 
is usuilly the same as the scale of the map while the scale 
of height may be increased if 
tlie strata are thin 

3 The topographic section a, a, 
is constructed on a separate = 
heet of paper in accordance 0. ch 
with the <clevatron marks 
slong 1 sclectcd line ut must 
be at once ortented in relation = Fye yqy) Prue (a) and apparent 
to t hiv etniint! poms with {o} thichsesses 
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gt designations at tho ends (for cxample, N—D or 


A Geological data are written on the topographic profile, 


the boundaries between the various stratigraphic subdivi 
sions are marked (Fig 121b) 
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Fig 119 Stratigraphic column 


9 The structure is detcrmined by comparing the outcrops 
of various strata If the bedding 1s folded the layers in the 
centre of the folds are traced first The other layers are drawn 
alter that his been done if data is available on elements 
of the bed position and thickness of the strata the profils 
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Fig 1.0 Schematic geolo.ical section 
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Fiz {2 Construction of a schematic geological section 


is constructed schematically In the latter caso the strata 
locline 18 chosen so that the true thickness of cach layer 3s 
constant throughout the entire section (Fig 121 c) 
A colour or hachure 15 selected for cach profile anid 

is indicated in the Iegend 

7 The section must. be signed 

An ability to read geological maps and sections helps to 
form a clear picture of the geological structure of a given arca, 


of the types of rocks occuring in that arca and also of sts 
geological history 
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Ilydroxides 72 
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yptbyssal rocks 214 
see Itochs 

Hypocentra 234 

Hypozone 26. 


Iceland spar 76 
Ienecous activity 21: 
mpertect cleaxage 63 
Indian Ocean 39 
Infiltration 157 
Infrapermafrost waters {67 
see Water 
Ingressions 241 
Infand sea 40 
Interfluses {49 
Interfluviel areas 201 
Internal moraine 183 
sée Moraime 
Interpermafrost waters 167 
see Water 
Interstratal waters {62 163 
see Water 
Intrusions 215 
Intrusive igneous activity 215 
Intrusive rocks 87 214 
see Rocks 
Intrusive sheets 216 
Tonisation mazima 3i 
Ionesphere 29 31 
Iron oxide 100 
Iron protoxide 10. 
Tsoclines 23 
Isogon 22 
Isesersmal line 237 
Isastasy theory 272 
Isotropic 55 
Tron glance 74 
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Jasper 110 
hk, 
Kant Laplace nebular hypothe 
sis 271 
Kaolin 102 


haolintte 83 102 
Karizes 175 

Karst 168 

karst caves 170 

Karst remions 168 
karst sinks 202 

karst springs 169 170 
Katamorphic zone 53 
Kenelly Heavyside Jayer 31 
Krasovsky ellipsoid 19 
Rhratogens 272 
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Labradoritite 93 
Laceoliths 216 
Lakes 47 143 20f 24 
Glacial 4186 
Oxbow 143 
Landslides i7i 
Landwaste 100 
Lapilli 97 220 
Lateral erosion 142 
Lateral moratne 183 184 
see Moraine 
Lateritic soils 122 
sce Soils 
Lava 222 
Acid 222 
Basic 222 
Ulira basic 232 
Yolcanie 223 
Lepidomclane 83 
Leverte 86 
lignite 107 212 
liman 448 
Lime-soda feldspars 84 
Limestone 103 
fimonite 7a 174 
Line of striko 251 
Lincar erosion 13. 
Liparite 9u 
Lithologic maps 278 
see \Japs 
Lithosphere 21 u3 97 
Littoral 491 
Littoral sediments 196 
see Sediments 
Loamsa 102 103 


Locss rocks 128 
see Hocks 

JT ongitudinal vibrations 236 

Low times 193 

Lower marame 183 
see AMforaine 

Lunulets 125 

Lustre 62 
Dull 62 
Metallic 62 
Nonmetallic 62 
Submetallic 62 


hI 
Magma 210 
Basaltric 213 
Basic 214 


Granitic 214 264 
Granite 264 
Persilic 214 

Magmatic rocks 87 214 
see Hocks 

Magmatic water 128 
see Water 

Magnesite 77 

Magnetic anomalies 23 

Magnetic declination 22 

Mapenetic inclination 22 

Mapnetic meridian 22 

Magnetic storms 23 238 

Magnetite 74 7S 

Malachite 77 

Mantic 2! 

Mans 277 278 
Geological 278 
Iydroccological 278 
Lithologic 278 
Mineral 278 
Sersmic 238 
Tectonic 278 

Marble 4110 

Marginal soa 40 

Marine pebbles 100 

Marl 10% 

Massive limestone (0; 

Massive texture 8&9 

Watore tolicl 149 

gee Helicl 
Afeadow ore Tu 


Mechanical weathering {f4 
Medium cleavage 63 
Media] moraine 14: 
see KMoraine 
Welonitisttion 265 
Meridian 18 
Mecroplankton 53 
Mesozoic cra 268 
see Lora 
KMcsozone 200 
Metallec Tustre 62 
see Lustre 
Metamorphism 263 
Contact 263 
Dynamic 203 
liydrotherma! 2), 
Pheumatalytic 264 
Regional 26% 
Thermal 263 
Metamorpliic rocks &7 108 
see Hockhs 
Metcorites 17 
Mica 82 
Alica schists 109 
Microcline 8: 
Alireofragmental rocks 99 
see Hocks 
Middle waters 162 
see Water 
Mincral, 86 
Accessory &6 
Non transparent 62 
Ore 2lu 
ftock formiog &6 
Translucent 62 
‘Llransparent 62 
Mineral hardness 64 65 
Mineral maps 278 
see Maps 
Mineral wat 108 
Mintralising avents 8&8 
Mirabilite 106 
Mixed terraces 151 
sea ‘Terraces 
Moffette stage 222 
Moheorozvic 20 
Moisture capacity 156 
Monadnochs 149 150 262 
Monoclinic 9 
Monomineral rock 8G 
see Rochs 
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VontmorJonite 102 
\foraine 484 
Croaund 28, 
Interna] {83 
Interal 183 418, 
Towce 183 
Medial 8, 
Terminal 18, 
Morion 73 
Mountatn glicrers 179 
see C liacrers 
Mud 199 
Blup 19% 
Coral 199 
Creen 199 
Red 199 
ficu abyssif {99 
Yolecuni 199 
\fuscosite §9 
Muscovite chit 109 
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Native clements 5; 68 
Native platinum g 
Nekton 53 
Neogene period 2:0 
Neotype rocks 92 
see Tiockhs 
Nepheline 85 
Nepheline syenite 9% 
Neve 181 
Nife 2[ 
Nefesima 21 
Noumetalhic lestre 62 
see Lustre 
hon trinsparent minerals 62 
see Minerals 
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Obsidian glass 96 
Ocean trough 41 
Off shore bars 196 
Old stage of relicf 150 
ee Relief 
Old relicf 41.0 
see Tichel 
Olivine &0 


£34 


Ooze 200 

Opal 73 

Opoha 10u 

Ore minerals, 215 
see Minerals 


Organte weatherin, 114 
Organogenic rochs 99 103 


see Rocks 
Orogenesis 261 
Orogens 272 
Orthoclase 84 
Orthoegneisses 109 
Orthorhombie 59 
Outer geaspheres 28 
Outyash plains 186 
Oxbow lakes 143 

see Lakes 
Oxides 72 
Ozoherite 107 408 
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Pacific Ocean 39 
Pale grey soils 121 
see Souls 
Paleogene 270 
Palcotype racks 92 
see Rocks 
Paleozoic era 268 
see Era 
Paragneisses 109 
Parasitic wolcanoes 224 
Peat 107 23t1 
Peaty soils 117 
see Soils 
Pebbles 100 
Peematites 96 
Pelagic zone 191 
Percolation 1u7 
Perfect cleavage 63 
Peridotite 92 
Period 268 
Permafrost 166 
Permeability 15u 
Permeable rochs 15u 
see Hocks 
Persilic magma 2{:% 
see Magma 
Petroleum 4107 
Phosphates 79 


Photosynthesis ilo 
Phylkites 109 
Plagioclases 6&4 
Plane erosion ido 
Plane of symmetry o7 
Plankton 93 
Platforms 260 
Platinum 69 
Pneumatolysis 263 
Pneumatolytic metamorphism 264 
see Metamorphism 


Podsolte soils 116 
see Souls 


Polymineral rocks 86 
see Rocks 


Porosity 985 
Porous texture &9 
Porphyrite 91 94 
Porphyritic structure 88 8&9 
Pot holes i4t 1528 
Powder rocks 99 

see Hovks 


Pre Cambrian folding 260 
see Folding 

Frofile of equilibrium £45 

Frolevium 155 

Proterozoic eta 265 


see Era 

Fsammitic rochs 99 401 
see Rocks 

Psephitic rocks 100 
see Hocks 


Pulsation 273 
Pamice 96 97 
Putrid silt i07 
Pyrite 70 
Pyroclastis rocks 97 
see Hockhs 
Pyroxene 61 
Pyroxenite 92 93 
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Onuartz 72 

Quartz diorites 9: 
Quartz porphyry 95 
Ouartzite 110 
Quaternary placiation 188 
Quaternary period 270 
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Hadi omigratl nbypothe a. f 
Etapld¢ dod 
Hare elements 
Hasines 149 
Recrystallisation 205 
Jted mul 199 
ace ‘Sul 
Fred abyxeal mud 200 
see) Mud 
Hel clay 209 
Ite) iron ore 74 
Rielrictor, clays Wt 
iegionil metamerphism FA 
gee, Metamoarphism 
Regressions 241 
Kerressisve cries of cdiments wl 
Relief 149 
\inture 149 
Old 10 
Old stage of 1.0 
youthful 149 
Iteverse fault 240 
River bed erosion 141 
Itiver drainage system 149 
River pebblis 100 
Hiver valley piracy 13% 
Rivers 48 
Rock crystals 72 
Rock falls 202 
Rtock forming minerils &G 
see Minerals 
Hocl salt 106 
liock waste 100 
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Abyssal 214 
Acid 88 Of Qu 


Alealine 9. 
Arenaceau3s 99 101 
Averizo wncous && 91 
Basic 8S $f 93 
Binary 90 
Carbonaceous 103 
Chemical $9 103 
Clastic 99 

Eeffusive 103 233 
Tine frarmental 100 
Ferruginous 100 
Fragmentary 99 
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Fey pity 
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A\faermeuti | 47 
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Intrusive faly< ad} 47 
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etamorphic S$" {08 
Microfmementil 99 


Vonamineril &¢ 
Neolypea 92 
Oran gral 


Folymineral St 
}oowiler 99 — 
Feammitic 99 
leephitice 108 
Eyroctiustle 97 
[lu faceous 99 
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“adimentary 4? 97 


“emi abytal &7 
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SHiceous 10. 
Sulphate {06 


Ultra basic 8S OF 92 


Water resisting fow 100 


Water tieht fou 
Ruby To 
Nudaceous rocks 99 

see Rocks 
tun off current 4: 
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Siltthe sols dol 

see boils 
Silinity of likes 202 
Sualtpetro 106 
Sindhills 140 


Sands ful 
Sanidstancs 101 
Sandy loams 102 


Stnidinea Gs 
sapphire To 
Siprepel 203 2i{ 
Siprophytic bacteria 
saprophytic fungi oG 
Schist 109 

Sea currents 4u 19+ 
St1 mats ol 
Se1iquiles 241 


Secretions 60 
Sedimentary rocks 87 97 
see Tocks 
Sediments 196 
Abyssal {9b 
Littoral 196 
Shallow water 196 
Seiches 48 203 
seismic maps 238 
see Maps 
Seismopram 234 
Se mographs 231 234 
sarsmology 231 
Selenite 79 406 
Sem abyssal rocks 87 
see Hocks 
semihydrate 79 
semi permeable rochs 15 
see Hochkhs 
Serpentine §2 83 
Shallow water sediments 198 
see Sediments 
Sheet veins 216 
Shelf 190 191 
Shelf deposits 196 197 
Shields 261 
Stalic shell 231 
Siderite 77 
Siheates 80 
Slliceaus rocks 100 
see Hocks 
Stlicecous sinters 105 4174 
Siheon 73 
olmoeoms 127 
Sink holes 168 4169 
Skarn iron ores G4 
Small harst 174 
Snow line 4176 
Soupstone 82 
Soll waters 159 
see Voater 
Sails 117 
Brown 1214 
Chestnut 4120 
Grey forest 120 
Grey i121 
Lateritic 122 
Pale grey 121 
Peaty 117 
Podsolic 148 
Saline 121 


White alhali 117 121 139 
Solar salt 74 
Salfatara 222 
Spatial lattice wu 
Specific glavity 66 67 
Specular iron 74 
ophalerite 71 
Splintery fracture 63 
Stacks 192 
Stalactites 104 4173 
stalagmites 10% 173 
Stellate glacrers 179 
see Glaciers 
Stocks 215 
Startification plane 243 
Stratagraphical ago index 279 
Stratographic unconformity 243 
Stratosphire 29 31 
Streak 61 
Strike 254 
Structure §7 
Swallow holes 165 
Swamps 204 
Swash 40 
Submetallic lustre 62 
see Lustre 
Subsorl water basins 16f 
Subsork waters 16) 
see Veater 
Substratosphere 3t 
Sulfosion 168 
Sulphate rocks 106 
see Hochs 
Sulphates 78 210 
Sulphides 70 210 
sulphur 68 210 
Superpermafrost waters 167 
see Water 
eyenite Gy 
Sylvite 71 72 
synclines 247 
oynclinomum 249 
syneclises 264 
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Takyrs 134 434 
Tale 82 
Tale sehist 109 
Talus 113 
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Talus trains 136 
Tectonic depressions 202 
Tectonic cirthquikes 2d! 
Tectonic forees 200 
Tectonic maps 278 
see Maps 
Tectosilicates 81 
Terminal moraine 184 
see Moraine 
Terra rossa 122 
Terraces 151 
Alluvial 151 
Erosion 151 
Mixed 41 
Wave cut 192 
Terrigenous deposits 19f 
Texture 87 
Thalassocratic 
Thalweg LoS 
Thermal metamorphism 26% 
see Metamorphism 
Thermodynamic equilibrium 213 
Thrust 246 
Tides 46 
Tillite 103 
Tiltmeters 238 
Torrents 153 
Trace élements us 
Trachyte 94 
Transgression 193 2al 
Trarsgressiye serics of sediments 
20 
Translucent minerals 62 
see Minerals 
Transparency 62 
Transparent minerals 62 
see Minerals 
Travertine 1). 174 
Triassic 270 
Triclinic 59 
Tripolt 109 
Traoposphere 29 
Trough faults 225 
Tsunamis 2ut 
Tulsa 104 174 
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Tuffte 221 
LU 
Ultra basic lava 222 
see Lava 
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Ultra basic rocks 88 91 92 
see Hochs 

Uneven fracture 63 

Underground water duo 
see Water 
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yadose water 109 

see Vater 
Valley glaciers 179 

see Glaciers 
Varsed cliys 186 267 
Vein 216 
Vent funnel 218 
Volcanic ash 97 220 
Volcanic bomb 97 _?1 
Volcanic eurthquake 231 
Yoleanic gas 221 
Volcanic iiss 96 
Voluani lay, 222 

see Livya 
Volcanic mud 199 

see Alud 
Volcanic sand 87 199 2°90 
Volcanre tuft 9+ Ju! 
Volcanism 216 
Yoleano 218 
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Waoetc mantle tao 

Veaterfall 152 

Water resisting bed 160 

Water resisting rocks 150 
see Rocks 

Water resisting roof 162 

Vater table 160 203 

Water tight rocks 155 
see Racks 

Water 159 
Bescendine 163 
Ground 157 to9 
Hizh {2 
Inirapermafrost 16; 
Interprrmafrost 467 
Interstrutal 162 163 
Magmati 158 
Middle (tnterstrata]) 162 
sorl 159 


Subsoiul 100 
Superpermatrost 167 
Underzround {55 
Vadose 159 
Young 158 £9 
Viavye-cut ferrace 192 
see ferraces 
Veeathering j11 
Weathering crust 114 
White alkali souls 117 121 
see Soils 
Wind wave 44 i9f 
World Gcean 39 
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Young water 108 
see Water 

youthful retiref t49 
see Nelick 
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